


iy BPuderwcood & Underwood, View of Fighti Airpl 
y a Fighting Airplane 


PRICE 
Fifteen 
Cents 


JULY 


15th ee fe 


TO Z | « APOK-AND SOME 











CONTRACTORS TO 


The United States Army and Navy 
The British Admiralty 


G 
THE BURGESS COMPANY 


MARBLEHEAD, MASS. 


Sole Licencees for the United States Member of the Aircraft 


for the Dunne Patents Manufacturers Association 





















538 AVIATION July 15, 19108 july. 


ie\ 




















i 





+15, 191M ply 15, 1917 AVIATION 


2 ao 











539 














———— 
gga) 1014111111 IULUUAUEADOUDSU OULU 














—_—_— 



































Intake Side Hall-Scott, “BIG SIX” Airplane Engine 


This Hall-Scott, Type A-5a, rated at 150 H.P., is offered after having most 
successfully passed severe running tests as required by Hall-Scott engineers, 
and final 48 hour endurance, running test, on cradle type torque stand, 
with propeller directly connected, in accordance with U. S. Government 
requirements. (Spec. 1002.) 


Total weight, complete and ready for service, ° , . 578 lbs. 

Weight per H.P. (Based on actual H.P. development, at a, 300 R. P.M.) 3.61 ** 

Consumption gasoline in lbs. per H.P. hour, : . . ° ° 565 
os lubricating oil ‘“* “ - ° ‘ r ‘ ° ° .025 


HALL-SCOTT AIRPLANE ENGINES, both four and six cylinder types, are 
used by U. S. Army and Navy Departments, and are generally used by all 
leading American airplane manufacturers. 


Hall-Scott Motor Car Co.., Inc. F. P. Whitaker 
General Offices EASTERN REPRESENTATIVE 
Crocker Bidg., San Francisco, Calif. 165 Broadway, New York City 
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EXPANSION 


From less than 50,000 square feet to more than 200,000 
square feet, in two months, is the story not only of Standard 
manufacturing abilities, but also the story of Standard 
expansion. Not alone have our factories at Plainfield 
enlarged, but we employ the exclusive facilities of four 
outside shops covering 40,000 square feet. 


Today our Government is on the brink of calling aircraft 
manufacturers to maximum performance. We are glad 
that in this crisis in the history of our Country our facilities 
for manufacture and expansion are unlimited. 


Contractors to the 
lnited States 
trmy and 

Vary 


Member 

dircraft 
Vanufacturers 
issociation, Ine 










EXECUTIVE OFFICES. WOOLWORTH BLOG..N.YC 
FACTORY. PLAINFIELO. NEW JERSEY 
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3.0 Pounds per horsepower 


One of the lightest airplane engines built in 
America. Reliable, durable and capable of 
sustained effort over long periods of time, as 
demonstrated by repeated tests and flights. 





























REC. v. S. PAT. OFF. - 


ke B. F. STURTEVANT COMPANY 


Hyde Park, Boston, Massachusetts 


Member of the Aircraft Manufacturers Association 
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jircraft Manufacturers’ Assn., Inc. 
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GNOME! 





‘Mounted in speed 
scout 


Side view of engine mounted for test 


Hundreds of these 


100 H. P. MONOSOUPAPE GNOME ENGINES 


have been built and exported by the 


General Vehicle Company, Inc. 


We are contractors also to the 
United States Army and Navy 


General Vehicle Company, Inc. 


(Established 1901) 





@) General Office and Factory 


LONG ISLAND CITY, N. Y. 
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The Sperry Company 


is now fully prepared 


AERONAUTIC PREPAREDNESS 





to supply all equip- 


ee br 
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ments for Airplanes 
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Servo Motors Encased 
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Servo Motor; 5—Single 


INSTALLATION 
1—Gyro Unit; 2—Azimuth Gyro; 3—Generator; 4—Double 


Servo Motor; 6—Air Turbine 
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AERONAUTIC MOBILIZATION 
S PERRY 
SYNCHRONIZED 
DRIFT SET 
































Automatically 
Corrects the 
Compass for 


Drift 


Creagh-Osborne Air Compass 











SPERRY INCIDENCE 
INDICATOR 

















Other Sperry Instruments 
Banking Indicator Radio Equipment Chart Holders and Charts 
Dead Beat Clinometer Bomb Sights Searchlights 


Watch for these New Sperry Devices 3 | 
Air Speed Indicator Altimeters Rate of Climb Indicator 


THE SPERRY GYROSCOPE COMPANY 


Manhattan Bridge Plaza, 
Brooklyn, New York 
u. oe 
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Rigid Construction, no shock 
absorbers needed. Wheels very 
effectively stream-lined. 




















ACKERMAN WHEELS provide the best insurance 


against landing accidents. 


About 90% of the accidents on the training field are 
attributable to mistakes in landing—usually resulting 
in the collapse of wheels and their supports. 


ACKERMAN WHEELS eliminate this source. of 
trouble. They provide a greater factor of safety; they 


THE ACKERMAN 


Rockefeller Building 
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are lighter in weight and their construction permits of 
better stream-lining. Both in landing and getting 
away they absorb shock and prevent rebound. 


“AS SMOOTH AS VELVET?” is the way an officer 
at one of the Government’s large training fields 
describes his sensation in landing an airplane equipped 


with ACKERMAN WHEELS. 


RESILIENCY—STRENGTH—HIGH 
RESISTANCE TO SIDE THRUSTS 


make Ackerman Wheels Jogical equipment for the 
modern airplane. They have withstood every test 
that ingenuity and determination to secure ultimate 
efficiency could devise. 


Write us for suggestions in 
building landing gear and “IT’S IN 
axles for ACKERMAN 
WHEELS. Shock absorbers 


unnecessary. 


wa. 
We. 


(ah 


Mee 
Pe) 
ave 
Wheels built for any weight wy 

eA) 


machine from 500 pounds up. 


N WHEEL COMP ANY THE SPOKES” 


Cleveland, Ohio 
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DUESENBERG AIRPLANE ENGINE 


Speed, Power, Freedom. All this is wrapt up in the 
wonderful flight of an airplane. To-day you're taking 
up aviation because your Country needs nerve, cool 
heads, and inherent courage in connection with its 
Aerial Fleet. 


To-morrow you will be flying because of your very love 
for it. The experience gained in military and semi- 
military service will only tend to heighten your keen 
appreciation of the wonders of navigating the air. 


The big outstanding feature of the airplane is the 
engine. On it depends your pleasure and your life. It 


must be powerful, compact, absolutely dependable: 


and of a tried and proven design. 


The Duesenberg four-cylinder, 125 H. P: sixteen valve 
DUESENBERG MOTORS CORPORATION, 120 BROADWAY, NEW YORK CITY 


airplane engine is that and more. It is the evolution 
of the wonderful four-cylinder sixteen valve motor 
that has driven Duesenberg cars to victory after victory 
on the speedways of America. It is the evolution of 
the same motor that powered more than 60% of the 
racing cars last year. 


This Duesenberg Airplane Motor has all the proven 
features of Duesenberg design. It is no experiment, 
has no untried features, hence the reason for its al- 
most uncanny jump into the lead amongst ‘aviation 
motors. 


Your Airplane should be Duesenberg-powered to be 
what you want it to be. Write us for details of the 
manufacturers. using Duesenberg Airplane Engines, 
also for bulletin describing this engine. 
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MMAGNALITE 
PISTONS 


“The Standard in Airplane Engine Construction” 


The superiority of Magnalite is substantiated by the performance of thousands 
of engines equipped with MAGNALITE PISTONS under the terrific stress to which 
they are subjected on the Allied fronts and in the training camps of this country. 


We are prepared for any demand for quantity production which may be made 
upon us. 


WALKER M. LEVETT COMPANY 


The Pioneer Aluminum Alloy Piston Manufacturer 


417-419-421 East 23d Street NEW YORK 418-420-422-424 East 24th Street 
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Radiators 
Aircratt 


We build radiators that 
combine 





Maximum Efficiency 





Minimum Weight 
Durability 
Stability 











We will be pleased to 
submit samples in > 
accordance with 
your prints 





The English & Mersick Co. 


New Haven, Conn. 
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NUMBER 72 


THE STANDARD 
KITE BALLOON Fapric 


OF AMERICA 





A TWO-PLY BIASED FABRIC, 
COATED BETWEEN PLIES 
WITH A LIGHT, TOUGH 
LAYER OF PURE PARA RUB- 
BER. 


THIS FABRIC HAS BEEN DE- 
VELOPED FROM YEARS OF 
LABORATORY EXPERIENCE, 
AND POSSESSES EVERY FEA- 
TURE AND QUALIFICATION 
NECESSARY TO A WELL-BAL- 
ANCED PRODUCT, VIZ.: 

STRONG 
Gas-TIGHT 
NEuTRAL, INVISIBLE CoLor 
Witustanps ALL WEaTHER 


ConpITIONS 
AND Aces WELL 





MADE BY THE 
WORLD’S LARGEST RUBBER COMPANY 


UNITED STATES RUBBER COMPANY 
NEW YORK 
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Warner & Swasey Screw Machines 


The standard for rapid and accurate output of AIRPLANE parts, 
From TURNBUCKLES to “ GNOME” ENGINE CYLINDERS 











No. 2 Plain Head, 1”’ Bar Capacity, Best for Turnbuckles 


There is nothing closer than Airplane work, and no machine so well adapted to 
the requirements. Screw Machines from 56” to 444” bar sizes, from 10’’ to 21” swing. 


THE WARNER & SWASEY COMPANY 


CLEVELAND, OHIO 
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THE Curtiss AEROPLANE COMPANY. BUFFALO. N 


Member Aircraft Manufacturers’ Association, 11 
America Trans Oceanic Company, 280 Madison Ave., New York City 
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. New York Agents 
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HE House of Representatives in passing the 

Army Aviation Bill calling for $640,000,000 has 

done its part in expediting the aerial program 
which General Squier has submitted. With but a short 
discussion the bill was passed amid the cheers of mem- 
bers. It should be noted that the House Committee on 
Military Affairs, of which Mr. Dent is chairman, spon- 
sored the bill and went over the plans for our air fleet 
with the leading authorities in Washington. On this 
committee’s recommendation the House passed the bill 
blindly, leaving the whole expenditure in the hands of 
the President, the Secretary of War and General Squier. 

The Senate, which usually inquires very closely into 
bills passed hurriedly by the House, can, from all re- 
ports, be relied upon to pass the measure in record time. 
The President has given his unqualified support, and the 
appropriation ought to become available within a week 
or two. 

The bill provides that the appropriation covers the 
fiscal year ending June 30, 1918. So that this vast sum 
will have to be expended by that time. It is a tribute 
to the officers who have had a part in drawing up the 
aviation program which calls for this expenditure, that 
it was so convineing that the House was willing to take 
their assurances for its immediate necessity. 

The development of aeronautics in this country is at 
last assured, where for so many years appeals for the 
proper provision for this arm of the service fell upon 
deaf ears. There is a tremendous task ahead of the 
aeronautical industry, which without doubt will rise to 
the occasion with energy and ability. With the support 
of the Aireraft Production Board and its broad and far- 
seeing plans for quantity production, the country may 
lok forward to a realization of the aims and purposes 
for which these huge sums have been appropriated, at 
the earliest possible time and with the utmost efficiency. 


The Navy Appropriations 

Secretary Daniels has asked for $45,000,000 for aero- 
hautics in the Navy. It is probable that his request will 
be granted and the Navy will be able to begin the ex- 
pansion of the aerial branch of its service. Evidently 
the Navy feels that it should be cautious, but with the 
information that is now available regarding the naval 
wes of seaplanes, flying boats and dirigibles, there will 
become necessary a development far beyond the present 
plans. 

In the navy the policy of silence may be misconstrued 
for inaction by those unacquainted with methods of 


naval bureaucracy. Loeal papers in various parts of 


or 


or 


the country have printed news which would indicate that 
the navy contemplates more activity in aeronautics than 
has been authoritatively announced. 

The establishment of coastal stations for strategic as 
well as training purposes will help greatly to stimulate 
activity, for the practical experience gained from the 
use of aircraft has always broadened the plans of any 


service, 





Italy’s Quiet Progress 

So much has been written of French, English and Ger- 
man progress in the air that the work of Italy in aero- 
nautics has been overshadowed. Reports now reaching 
this country indicate that Italy has produced the fastest 
airplane, the best climber, the largest machine and a 
fleet of dirigibles which have performed marvelous work 
along the seacoast. 

As submarine chasers the non-rigid dirigible type has 
been very effective. Italy is placing the greatest reliance 
on her dirigibles, and it will be well for the United States 
to profit by her experience. 

The secret of Italy’s success in aviation is due to the 
powerful and reliable engines which have been devel- 
oped. It is asserted that the large Italian engines of 
500-700 horse-power have proven that larger airplanes 
than have been thought possible from an engineering 
standpoint can be built and flown successfully. To dem- 
onstrate this point there is under construction an air- 
plane using 3000 horse-power and designed to carry fifty 


passengers. 





The Aircraft Production Board 


Too great credit cannot be given to the members of 
the Production Board for their unselfish work on behalf 
of aviation. It will always be recognized as a great 
piece of constructive planning. 

It has been unfortunate that the board has had to 
operate without its power being definitely understood 
or defined. It also has suffered because other similar 
boards have been under attack in Congress. Its powers, 
funetions and authority should be closely defined. 
The clause in the aviation bill authorizing the board’s 
expenses to be paid was taken out so that the future of 
the board will have to be carefully considered. The 
way out of the situation is for the members to accept 
commissions and in that way become the official pur- 
chasing and producing force of the Air Service. By 
doing this, the Army would have in its personnel some 
of the best business men in the eountry. 
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Tests on a Series of Propeller Blade Elements* 
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where a section brought to a sharp edge is liable to breakage. TABLES 2 and 3 give the results for Ky, Kr and L/D at vari- 


A series of exponential curves were developed giving the ous angles of incidence, for both the single cambered and the 
thickness of the section at any point for any ratio of maxi- double cambered surfaces. 






























































































































































mum depth/chord. These are not readily used however, and In Taste 4 a comparison is made between the single cam- 
are not included. Interpolation between the values given in  bered sections tested, and a series tested by the N.P.L. The 
the tables for the eight sections should be sufficient for all prae- Massachusetts Institute of Technology series seems to be con- 
L use 4s tical purposes. siderably more efficient, but with smaller lift values for the 
nploye index line is the term employed for the length c between angles of attack commonly used in ropeller design and there- 
y e : f "Fan - 5 = ° ; Pp pe .. 
the points where the rounding off of the Sections begins, as fore less thrust. Where the index ratio is as high as .175, the 
illustrated in sketch under Taste 1. The maximum height of N.P.L. section is better aerodynamically. This section is so 
tion above the index line is termed h. The rati _h thick, however, that it would be employed near the hub where 
‘ > 2 is 4 > ratio . . $s , 
the sectio little load is taken up by the element in any case. 
>] is termed the index ratio i, and serves to define any section. In Fig. 1 the sections are developed, and in Figs. 2 and 3, 
10 The development of the sections from the dimensions in Taste the L /D and Ky curves are given for each section for varying 
is sufficiently illustrated by the same sketch. angles of incidence. 
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) 3,61 | 7,42 | 10,80 | 11,85 | 12,35 | 1200 | 11’ 99 6,50| 4:56] °°: | 
> 10,000 |—0, 60 0,29 |+0, 64 2, 2. 3,84 | 5,30 | 5, 56 | 1470 | ‘ 62 5, 23 | 6 07 6, 82 
5 KxX10,000 1, 61 1, 34 1, 06 0, 86 0,80 | 0,82 | 0,91 } 1,10 1, 32 1, 47 1, 74 2, 00 x ae 
L/D : 0, 60 2, 72 1, 76 6,50 | 6,10 | 4, 26 3, 50 3, 62 3, 50 3,40; . ive I 
| | | | 
—— — + ———— — — Oo _ = 2 —— — 
+++ +4 
BS i TABLE 3 
st DovsLte CamMBERED SURFACES 
+H Aspect Ratio 6. Ky and Kx in pounds /sq. feot/per foot sec. 
a i —— ne 
TTT Section —18 —14 10 —8 —6 —4 -2 eo | - 2° 1 6° s° | (10° 
tl. &x10000| 210 |... | a 10 1 212 | 257 | 3,00 | 4,23 5, 52 2,66 | 2,68 | 2,68 | 3,47 4,34 | 5,15 
6 xX 10,000 l, 44 1, 07 0, 76 0, 65 0, 63 0, 66 0,71 | O,90 | 1, 28 1,49 | 1,73 1, 97 
L/D 1, 45 1, 98 3,00 | 4,62 | 6,70 7,76 | 3, 74 2,44 | 2,09 2,33 | 2,50 2, 62 
Kx 10,000} 2,29 | 262) ~ 5 8 | —7,72 |-10,45 | -6,40 | —5,04 | -3,90 | —3, 33 —2,88 | -1,54 | -0,50 | 0,61 1, 71 
7 KxX10,000| 2, 72 2, 44 2, 06 1, 90 1, 81 1, 75 1, 78 1, 78 1,78 | 1,78 1, 86 1, 99 2,14 2, 35 
Ky X 10,000 3, OF 7 20 ; 7. 96 s 85 ~10, 15 -12, 30} —11,40/ —10,35| ~—9. 50 | —7, 90 ) —6,85 | —5, 70 —4, 72 —3, 26 
§ KxXx 10,000 2, 95 2, 84 2, 78 2, 66 2, 54 2, 38 2, 36 2, 38 2. 38 2, 38 2,38 | », 41 2, 54 2, 74 
: L/D 
+ — eee ———_— —__— — ces 
AT st — — P ie ee a ee a a oe eee 
ort TABLE 4 
SINGLE CAMBERED SuRFACES 
Aspect Ratio 6. Ky and Kx in pounds/per sq. foot/foot sec. 
Comparison with N.P.L. Sections 
—— = — a ————— ———<—<— —— = a SS 
ethot. 2 4° 6 8° 
ounds Ky X10,000 L/D Ky X10,000 L/D Ky X10,000 L/D KyX10,000 L/D 
* 3a@©68uULdM nn Ce eee ee ee 
es de- Section 1 Index Ratio O05 3, 43 14, 85 5, 75 17,10 | 7, 72 16,25 | 9, 40 14, 40 
; Ordinate 
frow N.P.L. 2 O05 3, 93 13, 10 5, 73 14,8 7, 70 14, 10 9, 75 13, 1 
ection Chord } 
—— - - - -_— —--— —_———-_-- —— — — —___ rrr ——-. a 
> will Section 2 Index Ratio 075 3, 80 12,90 | », 50 15,85 | 7,27 15, 15 9, 10 14, 20 
> that | Ordinate | ae 
N.P.L. 3 | aes 075 5, 50 13, 5 17, 20 14,10 | 8, 75 13, 1 11, 60 11, 70 
. = Chord A SCN NET a, Mee) ON Th Porn italiana aie Te ee 
, how- Section 3 Index Ratio 100 5, 16 14,60 | 7, 05 14,60 | 8, 77 14, 00 10, 20 12, 80 
mul Ordinate ; ; si e 
mbet N.P.L. 4 . 100 6, 10 11, 80 8, 10 12,8 9, 80 12,10 | 11, 40 11, 50 
+ | Chord 
ed a neath eunetnenenmnieees Pa eae meee ee Sees (ee 
wD Section 4 | Index Ratio 150 7, 25 12, 35 8, 86 12, 00 10, 40 10, 30 9, 50 6, 50 
4 Ordinate 
sitio! N.P.L. 4 master 150 | 7,75 11,00 | 9, 05 11, 40 10, 45 10, 30 12, 35 9, 80 
a Chord | | 
agg of Bection 55S Index Ratio 175 4, 70 4,26 | 4,62 3, 50 5, 28 3,62 | 6,07 3, 50 
mate Ordinate | = | i * Seats ‘ 
* N.P.L. 7 175 5, 85 9, 6 9, 85 10, 20 11, 35 9,70 “| 7,97 5, 20 
eel! Chord | 
=eV}|™>™>’~ — —-—— — —— 
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The thick double cambered sections show a pronounced nega- 0030 —— 
. 2 Se a . rh. Characteristic Curves 
tive lift at small angles. This is in aceordance with previous ~ 
experimental results. Considerable care must be exercised in 9028 U.S.A. 10 £11 Aerofoils 
employing such sections. It would seem safer to enclose the Units cope am 
center portion of a propeller with a stream-line cowl. p Miles per Hr. 
0026 
U. $.A/o 
References U.SAIt——-—-=— 
Notes on Aerial Propellers, by H. Bolas. British Report, 1911-1912. 0024 
Luftschrauben-untersuchungen, by Bendemann. Zeitschrift fiir Flug 
technik, 1911-1912. f 
Aerofoils with Plane Under Surface and Varying Camber of Upper 0022 
Surface. British Report, 1911-1912. J 
a [Ny 
In connection with the Army tests of wing sections, as e020 
reported in AVIATION AND AERONAUTICAL ENGINEERING, April © Nia 
15, 1917, two propeller sections, U. S. A. 10 and U. S. A. 11, co18 «18 
were tested. The results are given herewith, both graphically 
and in tabular form. The values of L/D obtained were com- cc1g 16 
parable with those secured from the very best wing sections, A ~ © ‘ re 
being well above sixteen in both eases. These sections are of i SE 
g - ; : ‘ Co'4 14 . Oco7 pl 
such thickness that they would be suitable for use in the other / NK : or 
quarter of the blade. / S x | : 
ool 12 r ] 0006 be 
/ é 
TABLE OF CAMBER FOR U.S. A. 10 anp 11 [i / | | wi 
C010 = 10 + aves Bi 
Camber of upper surface / y ve 
Distance from leading edge U.S. A. 10 U.S. A. 11 / 5 
0 0125 0125 pooe 8 AL e004 
.0125 .0243 0232 f 
.025 .0343 0321 , LW\\ 
.050 0470 0445 P , / Li. 
.075 0573 —C«; 0530 0006 66 003 
.100 0632 O585 ‘4 \ 
. 200 .0727 0678 / ““ ‘\, 
.300 0750 0712 0004 4 a a oot Y 
.400 0745 0705 LA > 
. 500 .0710 0663 €n 
.600 0643 0595 ain <a —a— x oom <= 
.700 0538 0500 -_ a 
.800 0420 0392 — 
900 0292 0277 
+ “Je 277 ° = 
1.000 0150 0150 ws > ro . eae oe e 
Angle of Incidence 
TABLE OF CHARACTERISTICS FoR U.S. A. 10 anv 1] 


an = giy 
U.S. A. 10 U.S.A. 11 Pag ete a 
Angle Ky Kr L/D Ky Kz L/D —— ) sys 











0 .000550 .0000711 sean 000490 0000681 7.20 = * _s USA 10 in 
2 .001030 . 0000666 15.50 000985 000068 1 14.45 
3 .001235 0000755 16.40 001220 0000740 16.45 
4 .001425 .0000932 15.98 001400 0000830 16.55 r 
5 .001620 0001045 15.50 001590 0001008 15.80 
8 - 002200 0001660 13.28 002195 0001600 13.70 2 i bet 
10 .002575 .0002161 11.90 002540 0002100 12.10 * a 7 anf 
12 .002870 0002902 9.90 002850 0002890 985 | a a sul 
14 . 002510 .0005130 4.90 002585 0004900 5.27 ————— = USA TUL 
= ( 
Method of A stati P ll ‘a 
“7 4 ‘ a ° - QO 
ethod of Approximating Static Thrust of Propellers 
= 
By Frank W. Caldwell 7” 
« 
It is often desirable to know roughly what statie thrust a The graph in Fig. 1 shows a formula which is hased on | 
propeller will develop. Computations based on the coefficients tests on a number of propellers. The extreme limits are: 4 the 
of elemental aerofoils are rather involved and do not give a propeller of 8 ft. 6 in. diameter and 10.92 ft. piteh turning at Sp: 
Satisfactory analysis of statie conditions. 158 r.p.m., and a propeller of 9 ft. diameter and 5 ft. 6 m. pi 
. piteh turning at 1500 r.p.m. A 
[t is desirable to obtain more points for this curve, since the { pre 
number of propellers tested is rather small. The formula 38 the 
derived as follows: ~ 
Suppose a column of air, whose eross section has an area le 
: or’ 
xD ‘ ; ; — 
equal to ; ~~ where D is the diameter of the propeller in feel, the 
; ; . “ wer 
is set in motion and given a velocity knP where n 1s the num aed 
ber of revolutions per second, P is the mean pitch and k 7 ree 
i Ma raasti * gueh a 
eonstant Tor any given propeller. [he reaction ol suen wt 
column of air will be equal to MV. M is equal to , which 8 _ 
7 1ro 
equal to the density of the air times the area of the col- aint 
umn times the velocity of the column. Then M is equal t0 edex 
] zD : : ~~ r . are | 
5 = knP. The velocity V is equal to knP. There wah 
12.4, ” P 
» ; , : es a on 
fore, the statie thrust 7, is equal to 24 2299 AN | Xk 
—e e pare 0 
iY a (knPD)° : 
< knP. This reduces to the form 7, = 508° qe 
_ : : — ; y hb 
” [he value of k was solved for in each ease, and the results : 
Fic. 1 P eg. 
P ; . ' were plotted against ratio—. 
It is thought that it may be possible to estimate the thrust D Ay 
within 15 or 20 per cent by ignoring the width of the blade aid 
I ee : Editor's Note.—It is hoped that other engineers will send in similar sq. fi 


and the shape of the sections. figures, so that further comparisons may be made. loadi 
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PART II—SECTION 11 


Wing Structure Analysis for Biplanes 


There are many difficulties in the analysis of a biplane strue- 
ture: the distribution of loading between upper and lower 
planes; the resolution of loading in the planes of the lift truss 
and the internal bracing; the resolution of loadine to give 
bending moments on the spars, and the alternative methods 
which may be employed in drawing up the stress diagrams. 
But in the following notes is developed a system which is now 
generally employed, and which although it is not rigidly exact, 





ie 
Oey \aStmg O 5220} chord 
| |} eee f trom leading edge 
P+ | | _——_ 














ee 


92 ig” —— 4 














Fic. 1 


gives sufliciently accurate results for practical needs, and as a 
system of comparison for machines which have been successful 
in flight. 
Distribution Between Planes 

The information available regarding distribution of loads 
between planes is scanty and contradictory. In practice it 1s 
sufficient to follow this equation: 

; 11 , 
ii) W= a = gross loading of the 


(Ayr) -Aj;x, where W 


machine, A, = area of upper wing, 4; = area of lower wing, 


x = gross loading per square foot on lower wing, = gross 


loading per square foot on upper wing. 

Unless the biplane truss falls away very much indeed from 
the conventional form, this will be a fair approximation. 
Spacing of Wing Spars—Limiting Angles of Incidence 

As the angle of incidence of a wing changes its center of 
pressure moves, and accordingly varying loads are placed on 
the rear and front spars (the center of pressure motion in a 
biplane is assumed to be identical with that of a monoplane). 
The spar spacing has to be so arranged that too great a pro- 
portion of the load is not thrown on either of the spars within 
the range of the usual angle of flight. This would be the case 
were the spars too close together or placed so that one of them 
would be quite close to one center of pressure. At the same 
time, the spars must not be placed too near either the front 
or the rear edge, so that there is always sufficient depth of 
spar. Thus in the machine design of which we are carrying 
through, the spars are placed as shown in Fig. 1, about 10 per 
cent from leading edge and about 30 per cent from trailing 
edge, where the centers of pressure at 0 deg. and at 16 deg. 
are indicated. The loading is in this ease 


Front spat Rear spar 


EN See ere rT Te 29.8% 60.2% 
'  eeeren eee eee 66.6% 33.3% 


0 deg. and 16 deg. are taken in our design as the limiting 
angles of incidence, although very possibly the machine might 
fly both at some negative angle, and at some angle above 16 
deg, 

Running Loads 

Applying equation (1) where W = 1850 lb. and A, = 188 
sq. ft., A; = 188 sq. ft. for our machine, we find that the gross 
loading per square foot on the upper wing is 5.4 lb./sq. ft. and 


on the lower wing it is 4.43 lb./sq. foot. In the same manner 
the total gross weight supported by the upper wing is 
1020 lb. and the total gross weight supported by the lower 
wing is 830 lb. 

For simplicity, the running load is assumed to be uniform 
from tip to tip of the wings, and hence the gross running lifts 
are for a span of 36 ft. 5 in., 28.0 lb./foot on upper wing and 
22.8 lb./foot on lower wing. 

It is from the gross running lifts per foot that we obtain 
the running drifts per foot run, by dividing the L/D ratio. 
Thus we have 

Upper wing 
running drift 


Lower wing 
running drift 


L/D in lb. /ft. run in Ib. /ft. run 
| 2 Maree eres us 3.90 3.18 
me Be 2 canes 6.92 £.05 3.30 


Next it is necessary to determine the net running lift. To 
do this it is necessary to make assumptions for the weight of 
the wings and the weight of the interplane bracing. 

Thus for the upper wing, assuming a weight of .73 lb./sq. 
ft., and half the weight of the interplane bracing of 91.5 lb. 
to be carried by it, we have a net lift of 1020 — 137 — 45.7 = 
837.3 lb. or 22.9 lb./ft. run, and for the lower wing 830 — 137 

~— 45.7 = 647.3 lb. or 17.7 lb./ft. run. 

We can now tabulate our results in such form that they can 
be used in resolving forces in planes of lift trussing and of 
the wings. 

Percentage front spar 29.8 


At 0 Percentage rear spar 60.2 
Upper wing Lower wing 
(;ross loading per foot run.. 28 Ib. 22.8 lb. 
Drift per ft. run front spar. 1.06 Ib. -865 lb. 
Drift per ft. run rear spar.. 2.34 ib. 1.90 lb. 
Net lift per ft. run front spar 6.85 Ib 5.60 Ib. 
Net lift per ft. run rear spar 13.80 Ib 11.2 wD. 


Percentage front spar 66.6 
At 16 Percentage rear spar 33.3 
Upper wing Lower wing 
Drift per ft. run front spar.. 2.70 2.17 
Drift per ft. rum rear spar.. 1.35 1.09 
Net lift per ft. run front spar 15.20 12.20 
Net lift per ft. run rear spar 7.05 6.15 


' 
ResowuTion oF Forces in PLANES OF LIFT Truss Ano Wines fro 
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Resolution of Forces in Planes of Wing Trussing and 
of Wings, and in Plane of Spar Web 


oS 
In Figs. 2 and 3 are shown the resolutions of forces at 0 deg. 
and 16 deg. respectively. It will be noticed that the resultant 
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force in the plane of the wings is decomposed in plane of the 
spar web. It is this component in the plane of spar web which 
is subsequently used to draw the bending moment diagrams 


RESOLUTION of Forges iN /PLANES OF LIFT TRUSS AND WINGS AT 16 
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for the spars. This is a slightly arbitrary procedure. It would 
be more accurate to take the force in the plane of the lift truss 
as producing bending, but there would then be the complica- 
tion of computing moments of inertia about an axis not per- 
pendicular to the web. 

From these resolutions it is now possible to tabulate figures 
which can be employed in the lift truss stress diagram, the 
drift bracing stress diagram, ete. 


At 0 
Upper wing. Lower wing 
Front spar. Rear spar Front spar Rear spar. 
Force in plane of lift truss/ Force in plane of lift truss/ 
running foot running foot 
7 Ib. 14 Ib 5S Ib. 11.5 lb 
Force in plane of wing /running Force in plane of wing/running 
foot. foot. 
2.4 Ib. 4.80 lb 1.9 Ib 3.7 Ib. 
Force in plane of spar web Force in plane of spar web/ 
running foot. running foot. 








6.85 lb. 13.8 Ib. 5.6 Ib. 11.2 Ib 
At 16° 
Upper wing. Lower winz 
Front spar Rear spar. Front spar. Rear spar 
Force in plane of lift truss/ Force in plane of lift truss 
running foot. running foot 
15.5 Ib. 8.3 Ib 12.6 Ib. 6.5 Ib 
Force in plane of wing /running Force in plane of wing /running 
foot. foot. 

1.1 Ib. 0.5 Ib 1.0 Ib. 8 Ib 
Force in plane of spar web/ Force in plane of spar web 
running foot. running foot. 

15.2 Ib. 8.1 Ib. 12.2 lb. 6.2 lb 

wa I Wi 
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Figs. 2 and 3 indicate some peculiar results. Thus at 0 deg., 
part of the net lift is resolved into the plane of the wing, 
greatly increasing the demands on the internal wing bracing. 
Were the stagger of the biplane more pronounced, this effect 
would be still greater, and that is one of the disadvantages of 
excessive stagger. But at 16 deg., in this particular case, the 
component of the net lift along the plane of the wing relieves 
the internal wing bracing. 


Different Methods Employed in Stress Diagrams for 
Lift Truss 
Two distinct methods have been adopted in getting out 
stress diagrams for the lift truss. 
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(1) The trussing is treated as if pin jointed throughout by 
the ordinary bridge truss method, and the bending moments 
for the spars found as if they were freely supported at the 
ends, with uniformly distributed loads. 

(2) The spars are treated as if continuous, so that bending 
moments in them and reactions at their supports are found 
by theorem of three moments. Then the reactions having been 
found, the stress diagram is drawn with such reactions as a 
basis. 

The first method has the advantage of simplicity and of giy- 
ing a very large factor of safety. The second method is much 
more difficult, but probably is nearer the mark, and we shall 
employ it accordingly. 


Bending Moment Diagrams: Theorem of Three 
Moments 


Any good text book on applied mechanics treats fully of 
the theorem of three moments, so that the following notes will 
be of the briefest : 

In Fig. 4 is shown a beam loaded with unequal distributed 
loads over the two spans. At the three supports, 0, 1, 2 
M,, M,, M, are corresponding bending moments; R,, R,, R, are 
corresponding reactions; S+,, S—,; S+,, S—,; Sty 
S —, are shears on either side of the supports. 

If the beam is continuous over the three supports and has 
the same cross-section throughout, the bending moments at the 
supports and the loads are connected by the following formula: 

- va wl", w.1". 

M1,+2(1, +1,)M¢,+ M1, = — ae ae 

All difficulties in working the theory of three moments are 
due to mistakes in the conventional signs. 
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Fig. 5 

The convention for bending moments is shown in Fig. 5. 
From this follows the rule: 

Forces to left of a point must tend to turn a beam clockwise 
about that point in order to give a positive bending moment 
at that point—anti-clockwise to give a negative bending mo- 
ment, 

Forces to the right of a point must turn the beam anti-clock- 
wise about that point in order to give a positive bending 
moment at that point—clockwise to give a negative bending 
moment. 

If these rules are observed, foarnve Snes 
the effect of the fixing moments = 
Fig, 6 





is also automatically deter- 
mined. Thus if a fixing mo- 


ment is found to be neg&tive at 
a support, and the above rules 
are followed, its effect will be negative on either side of that 
support. 

The convention for shear is shown in Fig. 6. If forces to 
the left of a point tend to sheer beam upward, the shear at 
this point is positive. 

Observance of this rule is not so important as the observance 
of the rule for bending moments. It is generally easier to see 
what happens physically. 


Working Out of Bending Moment and Shear Diagrams 
for Upper Rear at 0 Deg. 

The principles of the preceding paragraph will be best 
illustrated by working out the above case fully. In Fig. 7 is 
shown the disposition of the wing. With a total span of 36 
ft. 6 in. and an engine panel of 2 ft. 6 in., we allow an over- 
hang of 2 ft. 6 in., 7 ft. 9 in. for outer span between struts, 
and a smaller inner span of 6 ft. 9 in., which seems a reason- 
able spacing. The loading in plane of spar web as previously 
found is 13.8 lb./ft. run. For simplicity’s sake, we neglect the 
engine panel, and loads are taken as acting down for same 
reason. 

To get bending moments at supports: 

(a) M, = O, since wing is hinged at engine panel; 

13.8(21)? ; 
(b) M, =——>——_ = — 43.3 ft. lb. negative in accord- 
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ance with our rule; 
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(c) to find M, we write M,1, + 2(1,+-1,)M,+ ™,1, =— 


Y,w,1’, — Ygw,1",, from which M, becomes 80.5 ft. lb. 
To get shears at supports: 





(a) S—, =(2%2) (13.8) = 34.4 lb. Therefore S — , = 34.4; 
(b) Taking moments about support 1 we have M,+S-+,’, 
W,1, - ‘ at 13.8(7.75)° ‘ 
_ —- 3 = M,; —43.3+ 8S + ,(7.75)— a. = —80.5: 
therefore S + , = 48.7; 
} 9,1°2 
(c) Taking moments about support 2 we have M, — Se 
; 13.8(7.75)* 4 
8 —,l, = M,; = 80.5 7 — Ss be o( f40) = 43.3: . 
ny —,= 58.0; 
(d) Taking moments about support 1, we have M, — A 
13.8 (6.75)? 
+S5—,1,=M, or —————+ 8 — (6.75) = — 805:. 
Ss —,= 34.6. 
To get reactions, we have 
S—,+8+,=R,= 83.1 
S—,+8+.=8 =1165 
S—, =R,= 34.6 


After having found bending moments, shears and reactions 
at supports, it is very easy to draw the entire bending moment 
diagram by finding points of zero shear and maximum bending 
moment: 

Thus in outer span, if x is distance to right of Support 2 of 


48.7 


point of zero shear, S + , = xw, and x = F308 3.52 ft. 
Bending moment at this point is (taking forces to left) 
wae ; 
M,=——— +S +. = 42.2 ft. Ib. 


Similarly in inner span if x = distance to right of support 
0 of point of zero shear S + , = rw, and x = 4.25, 


AVIATION 561 


Desomne MonenT »no Sweamma Disenams por Ream Urren Sran aro” 


| | | 1a” per | hat 








| Ste Perr 
Seman mie a I 
| 


Bending moment at this point is (taking faces to left) 
M, = = § + 2 = 43.5 ft. Ib. 


These points having been found, the bending moment dia- 
gram ean be sketched in. 
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Syllabus of Lectures on Meteorology Given in the Course in Aeronautical Engineering at the 
Massachusetts Institute of Technology in Cooperation with Harvard University 


Part I 


Ten Lectures by Robert De C. Ward, Professor of 
Climatology, Harvard University 
Introductory 


Importance of Meteorology in aviation; aircraft and weather 
in war: 

(a) General climate; 

(b) Weather and weather forecasts; military field meteoro- 
logical services. 

The Atmosphere 

Composition ; height; “ Troposphere ” and “ Stratosphere ” ; 

general characteristics of each. 
Temperatures in the Free Air 

Vertical temperature gradients; temperatures at various 
heights; inversions; stable and unstable conditions in relation 
to flying. 

Pressure 

Importance; comparison with water; decrease with altitude; 
physiological effects of diminished pressure; measurement; 
mercurial and aneroid barometers and barographs: use, errors, 
corrections; determination of altitudes by means of barom- 
eters; isobars; pressure gradients. 

The Wind in Relation to Pressure at Earth’s Surface 

Wind direction; deflection of winds from gradient; earth’s 
rotation and friction; cyclonic and anticyclonic wind systems; 
“Gradient Wind”; Buys Ballot’s Law; isobaric types. Wind 
velocity; general relation to gradient; Beaufort Seale and its 
equivalents in force, and in velocity in miles an hour; Anemom- 
eters; Robinson and Dines; gustiness of wind. 

Conditions of the Atmosphere Affecting Aviation 

General and Local: (a) General air movements, essentially 
horizontal; atmospheric layers and waves. (b) Local convec- 
tional currents, essentially vertical, due to thermal controls; 
Causes and conditions. (ce) Effects of topography upon air 


movements, combining both horizontal and vertical elements, 
due to mechanical controls; effects of friction, topography, and 
character of surface; vertical and horizontal movements in 
general in relation to flight. 


W eather Forecasting 


Explanation of daily weather map; principles of forecasting 
explained by reference to type maps, for United States and 
for Europe; general characteristics of cyclones and anti- 
cyclones; tracks; velocities of progression. 


Non-Instrumental Local Forecasts 


Barometric tendency; veering and backing winds; changes 
in wind velocity; weather proverbs. 


Clouds 


Types; cloud classification; methods of determining cloud 
heights and velocities, and results; value as weather prognos- 
ties; fair and wet weather clouds; fog, special consideration 
of cumulus and cumulo-nimbus. 


Forecasts of Wind Velocity and Direction Aloft 


Direct observation by means of pilot balloons, kites and 
cloud movements; directions of cloud movements in cyclonie 
and antiecyclonie systems in the United States and in Europe; 
estimates based on surface conditions and on general knowl- 
edge of upper air currents; “ gradient wind”; diurnal varia- 
tion in wind velocity and direction; changes due to progression 
of cyclones and anticyclones; wind and cloud directions and 
night flying. 

Favorable and Unfavorable Weather for Flying 

Wind; clouds; haze, ete. 


Part II 


Laboratory Work at Blue Hill Observatory (10 hours) ; 
Alexander G. MeAdie, Abbott Lawrence Roteh Professor of 
Meteorology, Harvard University, and Director of the Blue 
Hill Meteorological Observatory, Readville, Mass. 








Psychological Aspects of Aeronautics 
By Harold E. Burtt, Ph.D. 


During the past year there has been in progress in the 
Harvard Psychological Laboratory a study of certain psycho- 
logical aspects of aviation. Experiments upon the first prob- 
lem as to the delicacy of perception of changes in equilibrium 
in various directions have already been recounted.* It was 
found that a change of equilibrium in a lateral direction (roll) 
is generally perceived much more readily than in a longitudinal 
direction (pitch), and the possible practical implication of 
this fact in the selection or arrangement of airplane controls 
was noted. The following is an account of the study of a 
related problem—the comparative rapidity of reaction to sud- 
den changes of equilibrium with various types of airplane 
control. 

It seemed possible from theoretical considerations that a 
reaction with a dep control, for example, might involve a 
mental and motor attitude appreciably different from that 
involved in a reaction with a stick control. In banking the 
wings, the wheel warp and the lateral motion of the stick em- 
ploy quite different muscular performances, and consequently 
different regions of the brain governing the muscles, and even 
in controlling pitch, the use of two hands and of one hand in 
moving the control backward and forward are two distinctly 
different operations. It was suspected that an aviator might 
actually react more quickly when making one form of motion 
than when making another. Accordingly, this hypothesis was 
subjected to the experimental test. 





APPARATUS USED IN THE TESTS 


The same apparatus was used as in the earlier work. The 
subject on whom the experiments were performed sat on a 
chair upon a square platform which rocked on a roynded 
plate a foot below its center and was held in a horizontal posi- 
tion by heavy spiral springs attached from its four corners 
to the floor. Wire ropes from the corners passed through 
pulleys directly below and were attached to short chains, each 
of which passed over a sprocket on the same shaft with a 
ratchet. Heavy spiral springs on the other ends of these 
chains could be placed under tension by a crank and worm 
gear on their upper end, while the lower end was held by the 
ratchet. When this ratchet was released, the tension of the 
spring took up the given wire rope and quickly lowered the 
desired corner of the platform. Thus the person sitting on 
thé platform could be tilted suddenly in any of the four diree- 
tions, left, right, front or back. 

A dep and a stick control were mounted on this platform 
in front of the chair on which the subject sat. The dimensions 
of these and their location with reference to the position of 
the person operating them followed the standard army specifi- 
cations. A foot bar was also placed at the regulation distance. 

* AVIATION AND AERONAUTICAL ENGINEEPRKING. April 1, 1917, p. 218. 


A tecltinical account of the entire research will be published later in 
one of the current psychological periodicals 
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The controls were both arranged so that a very slight move- 
ment of either broke an electric contact. This contact and 
another made by the ratchet and its pawl actuated a device 
which measured time to fiftieths of a second. 

The individual sitting on the platform in the same bodily 
position he would be in an airplane could thus be suddenly 
tilted in one of four directions. He then reacted as quickly 
as possible with the given control, just as he would when an 
airplane was tilted by a puff of wind. If he tipped to the 
right, he warped the wheel clockwise or moved the stick to the 
right, and vice versa. If he tipped forward he pulled the 
wheel or stick toward him, and vice versa. Trials with dep 
and with stick were intermixed in irregular orders to avoid 
any practice effect influencing the results. The actual time 
that elapsed between the instant the platform started to tip 
and the beginning of the movement of the control by the sub- 
ject was accurately measured for a large number of reactions 
under the various conditions. Five individuals participated 
in the experiments some fifteen hours apiece. 

Prior to the actual experiments in which the subjects were 
instructed in which manner to react, each was given a chance 
to react to the sudden tip in the manner that “seemed most 
natural to him.” In these first reactions, four of the five sub- 
jects moved the control toward the high side of the platform. 
It is interesting to note the instinetive tendency to react to- 
ward the high side, the form of reaction that has been adopted 
in standard airplane controls. 

The results of the investigation of this problem are negative, 
Nothing in the nature of the dep as contrasted with the stick 
control facilitates or retards the speed of reaction. It seems 
to be rather a question of the amount of muscular force neces- 
sary to move the lever. Thus averaging the results for the 
five subjects on lateral movement (roll), when a force of ap- 
proximately 7 lb. on either control is necessary to break the 
contact, the average reaction times with the dep and with the 
stick are very nearly the same. There are minor variations in 


both directions, but the average difference (including plus and — 


minus values) is less than 1 per cent. When, however, the 
dep requires a force of 4 lb. and the stick a force of 10 |b. 
the average reaction times with the dep are 16 per cent 
quicker. And when the dep requires 12 lb. and the stick 4 |b., 
the reactions with the latter are 9 per cent quicker. That is, 
the control possessing the greater inertia yields a slower reac- 
tion time, but when the forees required to move the dep and 
the stick are approximately equal, there is little difference in 
the speed of reaction. A similar result is found with longi- 
tudinal motion. When both controls require about 5 lb. foree 
to break the contact, the difference in reaction times is slight, 
averaging only about 2 per cent. 

The result is thus evident that from the standpoint of effi- 
cient action with dep as contrasted with stick controls psycho- 
logical factors do not play a part. Reactions to a sudden 
change of equilibrium are equally rapid with both types of 
control when there is no difference in the force required to 
overcome the inertia ef the mechanism. Where such differ- 
ences in force are required, the reaction time with the control 
possessing the greater inertia is the slower. 


Aeronautical Patents 


Copies of these patents may be obtained for five cents each, by 
addressing the “ Commissioner of Patents, Washington, D. C.” 
ISSUED JUNE 12, 1917. 
1,229,503. Filed August 28, 1916. To Knute W. Olson, St. Paul, Min. 
Safety Device for Aviators 
1,229,297. -Filed July 21, 1916. To Geo. Lehberger, Newark, N. J. 
Undercarriage or Chassis for Flying Machines. 
1,230,045. Filed Feb. 25, 1913. To Vladimir Skrivanek, Ft. Wayne, 
Ind. Flying Machine. 
1,229,410. Filed Jan. 4, 1916. To John R. Campbell, Austin, Tex. 
Airplane. 
1,229,718. Filed Apr. 24, 1916. To Geo. A. Chaddock, Broad Green, 
Liverpool, Eng. Mechanical Air-Borne Ship. 
1.229.649. Filed Feb. 20, 1917 To Lafayette Pace, LaFollete, Tenn. 
Safety Appliance for Airplanes, 
JUNE 26, 1917. 
1,231,387. Filed Apr. 4, 1916. To Joseph H. F. Laflamme and Omer 
Gravel, Toronto, Ont., Canada. sjomb Dropper. 


1,231,881. Filed Mar. 9, 1917. To Isaac Francis Taylor, E. Dulwich, 
London, Eng., assignor of one-half to Samue) Peck, London, Erg. 
Aerial Apparatus for Defense against Hostile Aircraft and for 
Other Purposes. 

1,231,444 To Ruter William Spruger, Springfield, III. Wing or 


Propeller for Aerial Dynamics and other purposes, 





th 
otf 


pr 
th 


m 
rie 


OF 
th 
evi 


us 
sti 
80! 
we 
sti 
ge 
sal 
fill 


phi 
do 
tig 


ad 
fre 
fal 
fo 
lat 


a 





Airplane Dopes 


By Gustavus J. Esselen, Jr. 


The development of the airplane has been so rapid that it 
is natural for one to assume that the present methods of wing 
manufacture were coeval with the airplane itself. Yet it is 
only about six years ago that the more prominent German 
manufacturers first experimented, in a practical way, with the 
methods at present in use. At that time they were using for 
their wing covering cotton or silk, oiled or varnished, or some 
of the various rubberized fabries which had been adapted from 
balloon manufacture. None of these were satisfactory. Some 
presented difficulties in getting them sufficiently taut; some of 
the fabrics had been weakened in the coating process, and all 
were more or less affected by the oil and gasoline from the 
motors. It was not long, therefore, before the general supe- 
riority of the methods of to-day was demonstrated. 


Fabrics 


Before considering in detail these modern methods and the 
dopes used in them, it may be well to look briefly into the 
matter of wing fabrics, because the behavior of any given dope 
depends, to a considerable degree, on the fabric, and on the 
treatment which that fabric has undergone previous to the 
application of the dope. At present the fabric most in demand 
is linen, because of its strength and the toughness and diffi- 
eulty with which it tears. Owing, however, to the present 
searcity of linen, specially woven cotton fabrics are coming 
on the market. The chief drawbacks to these cotton fabrics 
at present are the comparative ease with which they tear, espe- 
cially when once started; and the fact that they do not take 
the dope so well as linen. It is not unreasonable to hope, how- 
ever, that dopes will be compounded to work as well on cotton 
as the present ones do on linen. The weight of the linen in 
use varies from 31% to 454 ounees per sq. yd., and the tensile 
strength ranges from 60 to 100 pounds per inch, depending 
somewhat upon the weight. As for the cotton fabries, they 
weigh from about 11% to 4 ounees per sq. yd., and the tensile 
strength varies anywhere from 25 to 80 lb. per inch. As a 
general rule, those fabrics are chosen which have about the 
same strength in the direction of the warp as in that of the 
filler. 

The general procedure in making up a wing is so well known 
as to require little comment. A linen or cotton fabric is ap- 
plied to the wing frame, and then several coats of a suitable 
dope are applied. The chief function of the dope is to 
tighten up the fabric and give a smooth, taut surface, resistant 
to the weather, and preferably also to oil and gasoline. It also 
adds materially to the tensile strength, the increase ranging 
from 10 per cent to 50 or 60 per cent, depending upon the 
fabric used, and how much the fabric has been stretched be- 
fore doping. Further reference will be made to this last point 
later. 

Relative Inflammability of Dopes 


The dopes which are at present in use may be divided into 
two classes; first, those made from a base of cellulose nitrate 
or pyroxylin; and second, those made with a cellulose acetate 
base. In either ease, the base is dissolved in a suitable solvent, 
and often some substances are added to preserve the flexibility 
of the coating or to modify the shrinkage. These added sub- 
stances are, in other words, somewhat analogous to the 
camphor in celluloid. The great outstanding difference be- 
tween cellulose acetate and cellulose intrate dopes is the in- 
flammability of the latter, a difference which will probably be 
emphasized more and more as the use of airplanes for peace- 
ful purposes increases. On the other hand, the initial cost of 
cellulose acetate dopes is somewhat greater than that of 
pyroxylin dopes. Some manufacturers have found a happy 
medium in applying three coats of pyroxylin and finishing 
with two or three coats of acetate. This gives a fire-resisting 
surface, even though the coating is not non-inflammable all the 
way through. To give an idea of the relative behavior of the 
coatings left by the two types of dope, the concrete example 
of the application of a lighted match to a finished wing may 
be cited. In the ease where an acetate dope has been used, the 
fabric is not ignited until the coating has melted or charred 
away. However, with pyroxylin, the coating itself starts to 
burn at once, and in turn sets fire to the cloth. Still more 


striking is the facet that two drops of gasoline ean be put on 
a small piece of fabric coated with a cellulose acetate dope, 
and allowed to burn, without ¢ausing any injury to the fabric. 
The same test applied to a pyroxylin-coated cloth, however, 
results in the immediate ignition of the coating, which sets 
fire to the cloth as before. From the point of view of re- 
sistance to fire, therefore, cellulose acetate dopes are much 
safer. 

When we come to consider the actual doping of wings, we 
find almost as many methods as there are different concerns 
in the business. Some engineers prefer to stretch the fabric 
as tight as possible on the frame, and apply a dope of only 
slight shrinkage power; others stretch the fabric less taut, and 
rely more on the shrink of the dope; while still others adopt 
an intermediate course. This is probably because up to the 
present very little scientific attention has been paid to the 
doping. Most of it has gone along by rule of thumb. 


Properties of a Good Wing Surface 

There is, however, practical unanimity as to what constitutes 
a good wing surface after it is dry. In the first place, it 
must, of course, be smooth. A very appropriate measure of 
the smoothness is given by the wind resistance. Measurements 
of this value have been made by Zahm,’ by Gibbons,’ and 
several others. It has been found that taking plate glass as 
the standard, doped or varnished wing surfaces have a wind 
resistance of not over 1.2. Such materials as wire gauze or 
singed cotton have wind resistances between 1.35 and 1.70. 
Unsinged cotton may go even higher. As to the effect of vari- 
ation of speed, for very smooth surfaces, such as plate glass 
and doped wings, the surface friction varies as the 1.8-1.85 
power of the velocity. As a general rule, the rougher the sur- 
face, the higher the exponent, which reaches 2 for surfaces 
with nap. (Gibbons* has pointed out that there are excep- 
tions.) An interesting caleulation has been made by Gibbons,’ 
in which he shows that the difference in resistance between an 
uncoated fabric, such as unsinged cotton and plate glass, 
amounts to 0.013 lb. per sq. ft. at 70 m.p.h. He figures that in 
a large machine this would amount to a total head resistance 
of about 18 lb., or 150-180 lb. decrease in lifting power. 

The next quality a good surface should possess is that it 
should adhere well to the fabric. The reason for this is 
obvious. In ease of an accident causing a break in the cloth, 
it ought not to be possible to start the coating and peel it off. 
The surface should furthermore be taut, and should be water- 
proof and unaffected by gasoline or oil. The value of water- 
resistance speaks for itself. A moment’s consideration of the 
amount of gasoline and oil which gets on the wings of an air- 
plane in service is sufficient to convince one of the necessity 
of resistance to gasoline and oil. If further argument were 
needed, it would only be necessary to recall that some of the 
earlier fabric coatings had to be rejected because they lacked 
this property. 

It has just been remarked that the wing surface should be 
taut, or, in other words, should not sag. On the other hand, 
it is desirable that the wing should yield, to a certain extent, 
under a load. In this way the stress will be reduced and the 
surface may stand, whereas an unyielding surface might break. 
Gibbons and Smith * have shown that a convenient way to get 
an idea of the relative value of this property of “ give,” or, as 
they term it, the “ efficiency,” is to measure the area under 
the stress—elongation curve for a given sized piece of fabric. 
This, of course, represents the work necessary to break the 
fabric. They took pieces twelve inches long and one inch wide, 
and measured the stretch as the load inereased. In general, it 
was found that the stretch up to a load of about 20 lb. was 
greater with uncoated, than with coated, fabrics. That is, 
with uncoated fabries there seemed to be a certain slack which 
was taken up at first under light loads, and, as soon as that 
was taken up, the stretching proceeded more slowly. Further- 
more, it was found that linen coated under no tension gave 
a much greater elongation than linen coated under tension. In 
some cases it required two and one-half times as much work 

1 Phil. Mag., VIII, 58 (1904). 


2 Report of Nat. Advisory Com. for Aeronautics for 1916, pp. 178, ff. 
Pe cot of Nat. Advisory Com. on Aeronautics for 1916, pp. .148, 
ot. . 
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to break linen coated under no tension as to break the same 
linen uncoated. On the other hand, the work required to break 
a piece of linen coated under tension was about the same as 
that needed to break the uncoated linen, and that in spite of 
the fact that the coated linen seemed to have a higher tensile 
strength. In other words, uncoated linen and linen coated 
under tension have about the same “ efficiency,” but linen 
coated under no tension has an “ efficiency ” about two and 
one-half times as great. As has already been mentioned, it is 
the usual practice to stretch the fabric somewhat on the frame 
before doping, the degree of stretching varying with the in- 
dividual plant. In view of these results, however, it is recom- 
mended to stretch the fabrie as little as possible. Then, in 
ease of an accidental blow to the wing, the increased elongation 
will tend to reduce the stress, and if the stress is not too great, 
save the wing from injury. 
Methods of Obtaining a Good Wing Surface 


With this diseussion of the desirable properties of wing 
surfaces in mind, the next question is as to the methods em- 
ployed in the dope room to obtain these qualities. In the first 
place, smoothness. The smoother the fabric to start with, of 
course, the easier to get a smooth surface. The ordinary nap, 
however, is easily taken care of by the dope. Given a suitable 
fabric, precautions should obviously be taken to keep dirt 
away from the dope before it is used, and from the wings 
before they are dry. As a rule, from four to six coats of dope 
are applied, and in some plants, in order to obtain proper 
smoothness, each coat is sand-papered before the next one is 
applied. It has been found good practice to work the first 
coat well into the fabric in order to ensure the maximum ad- 
hesion. Subsequent coats it is well to brush out more, al- 
though the last coat may be applied heavier if desirable, from 
the point of view of build-up. 

When one comes to diseuss the matter of adhering to the 
fabric, dopes are often blamed where the fault lies in the 
sizing of the cloth. As a general thing, dopes do not penetrate 
well on sized fabrics. There are exceptions to this rule, and 
the explanation may be that in those cases where dopes do 
penetrate well on sized fabrics, the particular sizing involved 
is soluble in the solvent of the dope. Another factor which 
probably enters in, is the character of the solution which con- 
stitutes the dope. The indications are that the more nearly 
the dope approaches to being a true solution, the greater the 
penetration, whereas the more colloidal it is, the less it will 
penetrate. For any given dope, it has been demonstrated that 
it will penetrate better, adhere better, resist atmospheric con- 
ditions better, and wear better in every way, when applied on 
an unsized fabric, than it will on the same fabrie sized. A 
reasonable way of accounting for this is to assume that where 
there is no sizing, the dope penetrates the fibres of the fabric 
rather than merely between the fibres, and thus when dry it 
is almost a part of the fibre. Since most sizing can readily 
be removed by boiling, either in plain water or a weakly alka- 
line solution, it is a simple matter to insure good adhesion. 

As to tautness, very little need be said. All dopes of to- 
day render the surface taut, and it is possible to obtain dopes 
which give much or little shrinkage at the faney of the engi- 
neer in charge. All dopes are also waterproof, but the extent 
to which they resist the continued action of water, such, for 
example, as exposure to the weather in a rainy period, varies 
with the dope. The writer has seen test panels exposed to 
three months of spring weather from which the dope had 
almost all disintegrated. This, of course, was a very extreme 
ease. On the other hand, one of the leading manufacturers 
exhibited one of their machines at the Aero Show in New York 
last February, just after it had seen six weeks’ service on the 
North Atlantic seaboard during the height of winter. In addi- 
tion to being subject to the ordinary rigorous conditions of 
this time of the year, this machine had returned from its last 
trip covered with ice, and yet the wings were still in good 
condition. This particular machine had been doped with a 
cellulose acetate dope, and then given one or two coats of spar 
varnish. It is the general practice with some companies to 
finish with spar varnish, this being used to make the surface 
more waterproof. The use of spar varnish has one disadvan- 
tage, however, and that is in the matter of patching. As a 
rule, a hole in a wing can be patched with a piece of fabric 
by using dope as a glue. On spar varnish, however, most 
dopes do not stick, so that in order to make a repair the 
varnish has to be removed first. 
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There is one bane of the dope room which has not yet been 
mentioned, and that is the formation of white spots. These 
occur more frequently with pyroxylin dopes than with acetate 
dopes. They are due to moisture condensation during the dry. 
ing, and show up, as a rule, oniy on humid or rainy days, 
They can be removed by going over them with a little solvent, 
or, better, by applying a cellulose acetate dope designed for 
the purpose, which leaves a fire-resisting surface, as well as 
removing the white spots. Of course, the white spots can be 
prevented, even on damp days, by regulating the amount of 
moisture in the air of the dope room; but this, as a rule, re. 
quires a rather elaborate ventilating system. 


Covering Power 


One question that is of interest to the manufacturer is, 
“What is the covering power of this or that dope?” It ig 
almost impossible to answer this question categorically, be- 
eause of the personal equation that enters in, and because of 
the difference in behavior of different fabrics. A given dope 
contains so much solid (or non-volatile) matter per gallon, and 
will, therefore, cover much or little surface, according as it is 
applied, thick or thin. However, different dopes with the same 
weight of solids per gallon may vary in their covering power 
when this is measured by the amount necessary to give a 
proper surface on any particular fabric. In view of these 
complicating factors, the best that can be said is that, in gen- 
eral, dopes cover from about two and one-half to five square 
yards per gallon, when applied so as to give a suitable surface 
themselves, without any finishing coat, such as spar varnish, 
This may be accomplished with from four to six coats, aeccord- 
ing to the individual practice, but, in any case, the weight of 
the resulting coating for a given dope and degree of finish 
will be approximately the same. This weight ranges from one 
and one-half to about three and one-half ounces to the square 
yard. 

Durability 


Another question which is of immediate interest is that of 
the length of time that a good wing surface will last; and this, 
too, is very difficult to answer with any exactness. The chief 
determining factor in this ease is the dope itself, although 
there are conditions which have already been considered which 
affect the wearing qualities of wing surfaces somewhat. Some 
results are given in the Report of the National Advisory Com- 
mittee for Aeronautics for 1916 which indicate that, in general, 
cellulose acetate dopes are far superior to cellulose nitrate 
dopes for use on cotton; that is, the decrease in tensile strength 
of the doped fabric on exposure to the weather is much less 
with acetate than with nitrate dopes. The same seems to be, 
in general, true for linen, but not in so marked a degree. 

In testing dopes, it is customary to make up test panels 
and expose them to the continuous action of the weather. 
This, of course, is much more severe treatment than airplanes 
ordinarily receive. The first desirable property to disappear 
is usually the flexibility, and the length of time before this 
happens ean, therefore, be taken as a measure of the relative 
value of different dopes. Because of the wide variations in 
atmospherie conditions with the season of the year and the 
locality, it is not possible to give any definite length of time 
as a standard during which a dope should not show marked 
signs of deterioration. The best that can be said is that in 
general practice it is found necessary to redope wings every 
three or five months. 

While not coming strictly under the head of “ dopes,” it 
may be of interest to refer briefly to the transparent, non-in- 
flammable wings which have been reported in the press as 
being used in certain instances abroad. The material in ques- 
tion is made from cellulose acetate. In a thickness of .010 of 
an inch, this material weighs nine ounces per square yard, and 
has a tensile strength of about 72 lb. per inch. It is claimed 
that an airplane with wings of this material is almost invisible 
at a height of a few thousand feet. In any ease, it is obvious 
that the field of vision of the pilot would be much inereased. 
One diffieulty with these sheets is that, when once started, they 
tear very readily. A patent has been taken out for remedying 
this difficulty by reinforeing the transparent sheet by means 
of a fabric, such as silk, woven rather loosely. While it may 
not have any great tensile strength of its own, it serves to 
arrest any tearing which may get started. It has the disad- 
vantage, however, over the clear material, that the fibres must 
interfere with the more extended view of the operator. 
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Kapok—And Some of Its Uses 


By Charles Garrison 


Kapok is the name given the fibre which envelops the seeds 
in the pods of the tropical trees of the Bombax family. The 
ods are about the size and shape of our common milkweed 
and the down has a similar silky lustre. 

Kapok has many interesting characteristics not found in 
other fibres. Of these its great buoyancy and resilience are of 
special value. The fibres are short and smooth, have thin walls 
and contain a large amount of air, probably the largest amount 
found in any fibre. They are also oily, giving them a water- 
resisting quality. 

The Bombax family is widely distributed in tropical coun- 
tries but the species which has the buoyant and resilient quali- 
ties in the highest degree is the Ceiba Pentandra. The word 
Ceiba means “ canoe ” since the natives use the trunks of these 
trees in the same manner as Robinson Crusoe did. Pentandra 
refers to the five fold plan of the flower. 

Trees of this species are found wild in many places, but the 
best qualities are those cultivated on the island of Java. Many 
fine plantations are to be found there where the process of 
selection has made the product very uniform and valuable. 
The United States is trying to encourage the culture of kapok 
in the Philippines but so little care has been given to selective 
cultivation, that the quality is much inferior to that grown in 
Java. 

As the uses for kapok increase other grades find their way 
to market from India, Cochin-China, Peru, Ecuador, Mexico, 
ete. These uses are limited at present to but a few industries. 
Mattresses hold the first place in volume, since they are cheaper 
and lighter when filled with kapok than with hair or cotton. 
Undoubtedly the most important use is for life-saving pur- 
poses. Coats, vests, and other garments are lined with this 
material in such a manner that the wearer cannot sink. Such 
clothing is neither cumbersome nor bulky and its buoyant 
qualities are permanent. 

Air filled life preservers are unreliable and cork is clumsy, 
heavy, and in time becomes dangerous as it disintegrates and 
loses all its virtue. At present for life saving purposes, air 


filled preservers are not approved and cork preservers are fast 
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giving place to kapok. 

The making of kapok fabrics has been 
attempted in many places, but it has 
attained a commercial importance only in 
Germany, as far as the writer knows. In 
France this has also been accomplished, 
but in a more experimental way. The 
fibres are very straight, and slippery and 
they vary greatly in length, just the 
qualities that make them difficult to spin. 
Fig. 1 shows a magnified kapok fibre, 
while Fig. 2 shows one of cotton. You 
will at once note the absence of “ hooks ” 
or twists in the kapok which are necessary 
for one fibre to cling to another. 

Kapok is really not so simple as it 
looks and its buoyancy depends on many 
things. Among these are its natural 
quality, its treatment before use, and 
the manner of its application. The 
writer has conducted a large number of 
tests during the past three years in the 
laboratory of the Kapo Mfg. Co., and 
has diseovered many facts ihtherto un- 
known. Fig. 3 represents a test recently 
made under the supervision of the U. S. 
Steamboat Inspection Service. The hori- 
zontal axis represents time given both in 
hours and days, the vertical axis repre- 
sents the buoyancy in pounds of dead 
weight supported. 

It is noteworthy that there is a sharp decline of the curve 
during the first few hours and a more gradual decline later. 
These are from different causes. After 24 hours immersion 
this life preserver sustained over 20 Ib. of weight per pound 
of kapok. This is a good record; under exceptional conditions, 
25 lb. may be attained. 

Another life preserver containing the same amount of fibre, 
but made by those who do not understand its application thor- 














Kapok. 


Fic. 1 


565 





oughly, sustained but 12 lb. of dead 
weight per pound of kapok, the condi- 
tions of the tests being the same in each 
ease. Kapok fibre per se has only about 
one-half the buoyant value usually at- 
tributed to it, the balance being due to 
special contributing conditions. 

In time the fibre attains total satura- 
tion, but after drying there is a partial 
recovery, the permanent loss being largely 
due to the removal of the natural oil. In 
one test with half a pound of the fibre 
total saturation occurred after an immer- 
sion of 93 days. 

In a series of tests with a garment 
immersed for an hour each working day, 
covering a period of four months, or 108 
immersions, the maximum loss of buoy- 
ancy was less than 7 per cent. 

In aviation three uses are found for 
kapok. The more common is the gar- 
ments made for the use of aviators. Be- 
sides the buoyant quality, they have 
warmth, the kapok being an excellent 
insulator. 

The other use is on the machine itself. 
Rodman Wanamaker’s “ America” was 
provided with kapok mattresses for the 
furnishing of the cock-pit. 

At present kapok floats are also being 
designed for the “ blimps,” illustrated in 
AVIATION AND AERONAUTICAL ENGINEERING for Mareh 1. 
These are two cigar shaped receptacles each containing about 
fifteen pounds of specially prepared kapok, being some seven 
feet long and eighteen inches in diameter. These are covered 
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with heavy waterproof canvas and are secured to the skids 
in four places, so that they are held with sufficient rigidity 
to withstand the air pressure. The coverings and straps for 
each of the floats would weigh about ten pounds, making the 
total weight of the pair fifty pounds. They would sustain the 
required weight of six hundred pounds for many hours. 





Testing Altitude Instruments 


During May 100 instruments for measuring altitude, or 
speed of ascent, were submitted for test to the Bureau of 
Standards, Department of Commerce. These included ordinary 
aneroids, altigraphs, and ratanoscopes, and were mainly from 
the Army and Navy. The number of altitude instruments 
actually tested during the month was 121. The average rate 
of arrival of altitude instruments during the calendar year 
1916 was 12 per month. The Bureau endeavors to give imme- 
diate and unofficial reports on the tests of: these instruments. 








Extracts from Inspectors’ Manual Aviation Section, Signal Corps, U.S. A. 


General Remarks on Inspection 


Inspectors will bear in mind the fact that the Government 
specifies material of a definite quality and it is the duty of the 
inspector to make certain that material fully meets require- 
ments. 

Army inspectors will examine only such material as has been 
in some way clearly indicated as inspected by the manufac- 
turers’ inspectors. 

No parts rejected by inspectors will be used in any assembly 
intended for Government use except by written authority from 
the Office of the Chief Signal Officer. 

An inspector will exercise a general supervision over raw 
material received at the factory and likely to be used for the 
Government. 

Following the production and acceptance of a machine of 
any type, complete working drawings will be furnished by the 
manufacturer to the inspector. All other machines of this type 
will be made in accordance therewith and no departures there- 
from permitted without written authority from the Office of 
the Chief Signal Officer. 

It is understood that the manufacturer may try out in the 
sample machine experimental features, but that in all other 
machines built under the same contract there will be no experi- 
mental design, material, or workmanship. 

Material proved defective may be rejected at any time in the 
course of manufacture or assembly, even though having already 
been passed by an inspector. 

It is understood that the manufacturer reserves the right to 
reject any material or parts already accepted by the Govern- 
ment inspector if such re- 


already furnished by this office for engines as well as any 
other number plates that may be furnished in future. : 
Engine Tests 

The question has arisen as to how thorough a retest of an 
engine should be in ease of failure during the investigation 
test or the six-hour test. 

It is not desired to submit the manufacturer to unnecessary 
expense in this connection, but it is desired to ascertain beyond 
doubt whether or not the engine is really a serviceable engine 
for airplane usage. 

As a general rule it is safe to state that the failure of any 
vital part should be followed by complete retest of engine, 
This is subjeet to modifications in accordance with the follow- 
ing illustrations: 

Assume the failure of a valve spring. It is due to one of 
three things—design, material, or workmanship. It should be 
the duty of the inspector to discover by a practical method in 
whieh class this failure may be. If due to design it can be 
only determined by repeated tests. If any continuous test is 
interrupted by valve springs it is a suspicious circumstance, 
and the following procedure will probably discover whether it 
is due to design or material. Take other valve springs at ran- 
dom. Break them in any convenient manner. If the grain of 
the steel at the fracture is coarsely erystaline in all of them, 
then it is fair to presume that all the valve springs of the en- 
tire lot are defective and that the steel has been improperly 
heat treated or tempered. If, on the other hand, the grain of 
the steel shows a fine grain fracture, characteristic of good 
valve spring steel, then it is probable that repeated failure is 
due to improper design. If 








————— 


jection is approved by the 
Government inspector. 

The Engineering Division 
of the Signal Corps has as- 
signed Signal Corps numbers 
to all airplanes, engines, and 
propellers on order for the 
Aviation Section of the 
Army. 





Name Plates 

It is desired that when 
these plates are applied they 
should be close to the surfaee 
and be bedde! in shellac to 
keep anything from getting 
back of same and also to keep 
them from being pulled off. 
Fasten with escutcheon pins 
about te diameter and % inch 
or Ys inch long. ° 

If applied to metal parts, 
bed in shellae or air drying 
Japan for the reason as 
stated above. Drill hole for 
escutcheon pins the same size 
as pins and flatten pin slight- 
ly to be sure they will hold. 


Marking of Number 
Plates 

A set of steel dies, consist- 
ing of letters and figures, 
has been furnished inspee- 
tors for use in marking all 
material accepted for the Sig- 
nal Corps. Whenever it is re- 
quired to use such letters or 
dies, this office directs that 
the wording and notation to 
be put on the number plates 





the inspector finds that the 
springs are either faulty in 
design or material there is no 
use in calling for repeated 
tests until a new lot of 
springs is obtained. 
procedure shows a good grain 
spring steel, and in the opin- 
ion of the inspector the de- 
sign is good, the failure was 
probably due to aceidental 
causes and the springs may 
be replaced and the test con- 
tinued without complete re- 
test. 

In eases of this kind, where 
the inspector is in doubt, 
samples of the broken part 
should be submitted to this 
office, where analysis or fur- 
ther examination may be 
made to determine the real 
cause of the trouble. 

In eases of failure of mag- 
neto, it may be due to the 
magneto itself, or to the mag- 
neto drive, which may trans- 
mit to the magneto stresses 
and shocks that should not be 
possible in connection with 
good engineering design. 

Where the inspector feels 
that the design is at fault, he 
should so report, and with his 
report submit detailed blue 
prints or sketches of condi- 
tions existing, if possible, and 
improve- 





suggestions for 
ments. 
In ease of failure of bear- 





which have been furnished for 
material ordered be placed 
there only by the United 
States Army inspectors and under the direction of the senior 
inspector at each factory. This applies to number piates 
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ings, trouble may be due to 
lubricating system being de- 
signed wrong, or to aceidental 


failure of it. The inspector should be able to discriminate 


and to know whether retest is necessary. 
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An engine with an improper lubricating system will fail 
repeatedly, and retest will be called for if the inspector sus- 
pects this cause of failure. If the failure is proven to be ac- 
eidental, then only such a portion of retest should be de- 
manded as inspector considers necessary. 

It is not desirable to enumerate all details that may fail, but 
if failures are handled in the above-suggested manner, a rea- 
sonable conclusion should be possible and one that will at all 
times be fair to the manufacturer and at the same time pro- 
tect the Government against all defective engines. 

So far as possible in connection with engine tests, observa- 
tions shall be taken in accordance with standards adopted by 
the Society of Automotive Engineers. 

The following suggestions should be adhered to as closely as 
possible in reference to Specification 1002, Section No. 11, 
investigation test. These suggestions do not refer to final ac- 
eeptance test, which will be covered later. The inspector or 
inspectors viewing the investigation test should bear in mind 
the fact that the engine to be tested is a finished produet, and 
no vital parts will be allowed to be changed during the con- 
tinuanece of the run. The following adjustments will be con- 
sidered permissible : 

Gaskets may be replaced only once, one complete set of 
spark plugs may be substituted, two valve springs may be 
replaced, water, oil or gas leaks may be remedied, pumps may 
be adjusted, carbureters may be adjusted, magnetos may be 
adjusted, valve timing may be adjusted. 

Other replacements will not be permissible during this or 
the final acceptance test. Time required to make any of the 
above adjustments should be added to the total time of run. 

Inspectors will submit detailed reports on such tests to this 
office, and it is suggested that they make frequent notations as 
to the test proceedings. 

The following should receive close attention by inspectors 
during the final acceptance test of six hours. (Re. Specifica- 
tion 1002, See. 11.) This test is to be given every engine built 
for the Government before being accepted by the Army in- 
spectors. The entire test should be run at the maximum horse- 
power at rated revolutions per minute of the engine, and only 
such adjustments as are given under investigation tests will- be 
permitted without an entirely new run of the engine. 

When the enzine is disassembled after this run the inspector 
should view every part liable to breakage or wear, and in case 
of excessive wear should insist on replacement of the part. 
When sueh replacement involves a vital part, such as a piston, 
bearing, or cylinder, the engine should be returned to the stand 
and entire retest made over. After this retest the engine 
should be disassembled and inspected as before. 

The final-hour test is to be made on every engine sold to the 
Government and on a suitable dynamometer. The engine 
should never develop less:than 4+ per cent of its maximum horse- 
power at any time during the run. Inspectors should take 
their own readings and assure themselves that the engine is up 
to specifications in every detail. It is recommended that in 
addition the engine be run at 300 to 400 revolutions per minute 
for at least 10 minutes and then the throttle to be opened 
quickly to ascertain if carburetor is adjusted properly and 
that all eylinders are firing at low engine speeds. 


Inspection of Cylinders 


1. Cylinder jackets should be tested for leaks while submerged in 
water with air pressure. Pressure to be at least twice that of normal 
water pressure. 

2. Cylinder bore should be checked carefully at four points both top 
and bottom, for being out of round, for being over or above tolerance 
in size, and for finish of bore. 

3. Cylinder studs must be of proper height and sauare with surface. 

4. Valve seats should be inspected for uniform width and location. 

5. Valves after being ground to a gasoline fight seat should be. in 
spected for leaks in three positions approximately 120 deg. apart with 
out removing the gasoline from the cage. 

6. Valve springs should be of specified strength and when compressed 
should not be compressed more than dre wing limits. 

7. All valve mechanism should be inspected for workmanship. 

8. Intake manifolds are inspected internally and externally for 
workmanship; surfaces of manifold joints and valve cage joints must 
be true and of good surface. These surfaces sould be checked on 
surface plate. 


Inspection of Crank Case Upper Half 


1. Check distances from center line of crank shaft to deck, both 
front and back, and between crank shaft and cam shaft. 

2. Check distances from each end of cam shaft to top of deck, and 
on V type engines to both decks. 

3. Check cylinder centers, also bore of cylinder holes. 
4. Check cam follower guide holes for centers against cam shaft 
eam centers. 

5. Check thrust bearing bore for size. 

6. Check all studs for cotter hole placement, alinement, threads, 
and all tapped holes for threads with plug gauge. 
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7. Check cam-shaft bearing to main bearing for size, alinement, 
and condition of bore. 

8. Check magneto-boring bore for distance from cam shaft and size. 

9. Examine case for sand holes, gas holes, and defects such as 
shifting of cores. 

10. Measure the thickness of all walls and decks. 


Inspection of Crank Case Lower Half 


1. Inspect lower case for center distances of oil and water pumps. 
Inspect for oil leaks when filled with kerosene. 

Joints of upper and lower case should be good fit. 

4. Check location of gear cover holes and surfaces. 


Inspection of Crank Shafts 


» 
» 
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1. Stamp manufacturer’s number and 8S. C. number on shaft. 
2. Measure each bearing at four points 90 deg. apart. 
3. Measure thrust bearing. 

4. Measure gear bearings and seats. 

>. Try taper and spline. 

6. Propeller hub thread. 

7. Thrust-bearing thread. 

8. Try bored hole for starter. 

9. Try width of throws. 
10. Try width of bearings. 
11. Measure length dimensions. 

12. Try oil holes for location and size. 

13. Examine for checks and flaws. 

14. Try bearings for run out. 

15. Scleroscope test for quality of steel, usually about 40-52. 
16. Inspect and measure em nal with great care. 

17. Inspect and measure spline or keys with great care. 
18. Inspect and check threads with plug gauge. 

19. Examine running and standing balance. 
20. Inspect holes and threads for oil system in shaft. 
21. Make oil-pressure test for leaks in oil system. 


Inspection of Cam Shaft 


1. Cam shafts should be tested for hardness by both Brinell and 
Scleroscope tests. 

2. Shafts should be set up in centers and each cam tested for open- 
ing and closing points, neutral period, amount of opening, size and 
condition of bearing surfaces, and distance between cams. 

3%. Ground surfaces should be inspected for finish. 

4. Keyways should be inspected far placement. 


Inspection of Spur Gears 


1. Engine spur gears should be inspected while running’ on their 
own centers with two-thousandths back lash. This includes only 
spur gears. 

2. Engine bevels should have six-thousandths back lash and are 
inspected on their own centers, . 


Inspection of Engine 


The following questions should receive the inspector’s ap- 
proval before he passes the engine for Government use: 


Is engine fastened down properly when assembled in machine? 

Are all connections made in the most approved manner? 

Is carburetor adjusted properly? 

Is oil pump working O. K. and is oil pressure good? 

Are valves timed right and do valve stems have proper clearance ? 

Do valve stems have safety pin to prevent valve dropping in cylin- 
der in case valve spring washer pin breaks? 

Does engine have good compression ? 

Is cam shaft in proper alinement so that valves on all cylinders 
open at their proper relative time? (This should be checked care- 
em before cylinders are put on case and should be kept within close 
imits.) 

Is there any suspicious noise to be heard at any engine speed? 

Are any of the valve springs weak? 

Do rocker arms hit valve stems squarely ? 

Are push rods bent, or do they bind in any way? 

Is propeller tight on crank shaft or jack shaft? ; 

Are there any leaks in gas manifold, water manifolds, exhaust mani- 
folds, oil pipes, or air line? 

Does engine function properly at low speeds as well as high and 
with quickly opened throttle? 

Has engine any bad “rough” point? 


Inspection of Cable Wire, Turnbuckles, and Fittings 
CABLE. 

Are there any kinks in the cable? 

Are loops properly made? 

Are thimbles used in eyes? 

Are ends wrapped properly (wrap must be at least 15 times diam- 
eter) ? i 

No splicing of cable is permitted. 

Has acid struck cable during soldering ? 

Are any of the strands broken? 

Are wrapped ends stream-lined and show the result of skilled ‘work- 
manship? 


ROEBLING HARD WIRE. 
Are there any file cuts or flaws to weaken it? 
Is loop well made? 
Is ferrule put on correctly? 
Are there any sbarp bends or kinks? 
Are wires too loose or tight in machine? 
FITTINGS. 

Is workmanship good? 
Is material good? 
Are holes drilled correctly to develop proper strength ? 
Are there any deep file cuts or flaws to weaken it? 
Is rivet or pin fastening wire put in properly? 
Are thimbles of large enough diameter ? 

TURNBUCKLES. 
Any file cuts, tool marks, or flaws in shanks or barrel? 
Are there too many threads exposed? 
Is turnbuckle of right strength and size to develop full strength 

of wire? 
Are shanks bent? 
Are threads on shank or in barrel well made? 
Is barrel cracked ? 
Is turnbuckle proverly wired (see sketch under ‘‘ Approved Method 
of Wiring Turnbuckles "’) ? 
(To be continued.) 








A Three Years’ Flying Experience’ 


The past three years, although nor- 
mally a short space of time, yet measured 
by the advance of aviation, has been a 
veritable lifetime. Many thousands of 
people are now deeply engrossed in the 
subject. Most of you who have honored 
me with your presence here to-night have 
studied flying from the very highly tech- 
nical and scientific side, in fact far too 
technical and scientific for me, and you 
certainly know a great deal more about 
the subject from that point of view than 
I do. I hope that this plain, non-technical 
account of things, hardly touching upon 
the war, connected with my flying which 
have been brought to my notice during 
these three years, may interest you a 
little and perhaps form the basis of a dis- 
cussion. 

I think I am right in saying that 
through the war aviation has advanced 
more than it would have done in eight or 
ten years of peace conditions. In fact, 
the rate of improvement in aircraft is so 
fast, the pace so alarmingly rapid, that 
it is almost impossible for manufacturers 
to keep pace, for it seems that by the time 
the latest and most efficient type of ma- 
chine is manufactured in sufficiently large 
numbers to gratify half the requirements 
of the services, that type is out of date 
and obsolete. 

Progress Owing to the War 

That you may realize at a glance the 

remarkable strides that have been made 


over this period I will show you some dia- 
grams which, without giving any figures 
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climbing against time. The next diagram 
represented the growth of horse-power de- 
veloped by aero engines. And iastly, the 
increase in the number of certified pilots 
during the past three years. 

A pilot has only to take a short flight on 
a 1914 type machine and then fly the lat- 
est 1917 pattern as a comparison to really 
appreciate this colossal advance. 

Some little time ago I had occasion to 
again fly, after a considerable lapse of 
time, a 50 h.p. Gnome Blériot, a one-time 
premier machine, in fact a type used quite 
a lot by ourselves and the French at the 
very beginning of the war. At first I be- 
lieved the machine to be a very bad speci 
men of the species, but ultimately, after 
flving it for some time and acquiring a 
sort of lost art of balance, like a skater 
who has not skated on ice for years and 
has to get his legs again, I realized that 
it was quite a good specimen of the type, 
but that it takes quite a time to again get 
used to such inefficiency. The advance 
seems to have been along, one might say, 
quite conventional lines, that is, improve- 
ments on what might be accepted as stand- 
ard designs, and no good results have 
been obtained from any departure from 
that standard. Perhaps the furthermost 
departure from what I call standard, and 
that is very slight, has been the triplane. 
The results obtained with the quadroplane 
have not justified the experiment. 

The Inherently Stable Machine 

During the past three years the first 
marked improvement, to my mind, which 




















DecorATING Two FRENCH AVIATORS ON THE SOMME FRONT 


that may be military secrets, should con- 
vey a fair idea how the capabilities of air- 
craft have improved. I have taken the 
average performances of five different 
types of service machines used at the be- 
ginning of the war and compared them 
with the average performances of five 
different types of late patterns now in use 
in France. 

The first diagram represented’ the 
growth in three years of the maximum 
speed capacity flying level. The second 
diagram consisted of two curves showing 
the increase in machines’ capacity for 


* Paper read before the Aeronautical Society 
of Great Britain. 


asserted itself was the inherently stable 
machine, attained apparently by such 
slight detail alterations as sections of 
planes and elevators that it required an 
experienced eye to detect a stable or un- 
stable airplane by casual inspection when 
standing together. Then came the syn- 
chronized timing gun-gear, which enabled 
the machine guns to be fired through the 
propeller on tractor machines. This de- 
vice is really so simple that one is at a 
loss to understand why it had remained 
so long undiscovered. It had the effect 
of giving the tractor type of machine a 
new lease of life; although a more efficient 
aerodynamically than the pusher, it had 


568 


been falling into disfavor as a fighter on 
account of the inability of the pilot to 
shoot straight ahead of the machine. 

Improvements in engines, to my mind, 
are responsible for present-day perform- 
ances to a far greater extent than im- 
provements in machines, chiefly through 
sheer increase of horse-power. And cases 
have occurred where certain obsolete types 
have been made serviceable simply by fit- 
ting an improved type of engine. 

The improvements in the machines 
themselves seem to have been limited to 
details, such as wing sections, attention to 
head resistance, soundness of construction, 
etc. 

The very eflicient freak machine has yet 
to make its appearance. 

I will not attempt to discuss the future 
of aviation, but setting aside the bound- 
less commercial possibilities, I am more 
and more convinced that if we find it 
necessary to keep up an enormous navy, 
say a two-Power standard to protect our 
island, it will be essential to maintain at 
least the same standard in the air. That in 
itself guarantees a colossal future for 
aeronautics. 

But to return to the subject of my paper 
to-night, I would like to place before you 
a few points as I have found them during 
a further three years of piloting. 


Difference in Machines 


I have flown many different types of 
airplanes, and considering the extraordi- 
nary variations in the types the difference 
in the actual piloting of any modern ma- 
chine, to my mind, is remarkably small. 
I am of the opinion that a pilot who is 
thoroughly efficient with any particular 
type will in a very short time be master 
of any. 

I find that on stepping out of a very fast 
small scout into a really big twin-engine 
machine the difference in the manner of 
piloting is very slight compared with the 
vast difference in the machines. Precisely 
the same methods are employed, the sam¢ 
trouble and risks are to be avoided; the 
chief characteristics seem to be that the 
smaller and faster machines are more 
difficult to land but are easier to handle 
in the air. In the case of “ crashes,” the 
larger and heavier the airplane the less 
damage is likely to occur to the occupants, 
as a tremendous amount of the impact is 
absorbed by the machine. Very much 
larger and heavier machines than those 
at present in use might be comfortably 
flown single-handed, no extra effort being 
required for the controls, provided the 
controlling surfaces are properly balanced. 

To the lay mind it might appear that 
with such contrasts in the outward ap- 
pearance of the smaller and larger ma- 
chines, it would be necessary to train pi- 
lots specially and extensively for each 
type, but in my experience this is not so. 
I certainly think the best results are ob- 
tained when pilots are allowed to special- 
ize. This, however, I understand has 
many drawbacks on active service. 

Crashes are mainly due to three causes, 
viz., engine failure, faulty piloting, and 
faulty machines. 


Engine Failure 


Engine failure undoubtedly is respon- 
sible for most of the crashes, often be 
cause of the hopeless unsuitability of the 
landing ground at the pilot’s disposal. To 
many pilots engine failure is most discon- 
certing, and it is then they are called upon 
to use rather more judgment and skill, 80 
that even with a fairly suitable landing 
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ground available they very often crash. 
In my experience, embracing the testing 
of hundreds of new machines, it is seldom 
that a serious defect in the engine “lets 
one down,” it is nearly always due to a 
small detail. I think I have had to make 
more forced landings through failure of 
the petrol supply than all the other 
troubles combined. This is due more often 
to failure of the pressure feed than to a 
choke in the supply pipes and very sel- 
dom to severed connections in the feed 
system. 

‘Because of the absence of a float cham- 
ber to the carburetor in the rotary en- 
gine, even a variation of the gasoline pres- 
sure is more serious than in the rigid sta- 
tionary type. In the former case the 
amount of gasoline that gets to the engine 
is controlled by the pressure and a fine 
adjustment. If the pressure increases 
unduly, the engine chokes from overrich- 
ness of mixture; on the other hand, if the 
pressure drops away the mixture is un- 
duly weakened. This variation can be 
controlled by the fine adjustment to a 
large extent; but when that limit is ex- 
ceeded the engine will fail. Most of the 
trouble seems to be caused by failure of 
the pump, which in some cases forms an 
integral part of and is driven by the en- 
gine; in others it is a separate unit, driven 
by a small airscrew. These failures are 
usually through valves sticking up and 
pistons becoming dry. Other causes of 
failure are in the relief valve not being 
pressure tight or sticking down. At any 
rate the present system of pressure feed, 
to my mind, is such a bugbear that it is 
high time something was substituted. 


As far as the non-rotary engine is con- 
cerned, to my knowledge this matter is 
being tackled. I have been flying recently 
a machine fitted with a gasoline pump in 
place of the air pressure pump, the gaso- 
line being pumped direct from the main 
tank to the carburetors and the surplus is 
returned to the tank through an adjust- 
able spring-loaded relief valve, so that 
gasoline is delivered at any desired pres- 
sure to the engine. So far it has proved 
most satisfactory, with this advantage, 
that a punctured tank does not put it out 
of action. Dirt in the gasoline tank ac- 
counts for quite a large proportion of en- 
gine failures in new machines. This form 
of trouble ought to be avoided. It is an 
important matter which manufacturers 
should be made to recognize, and a very 
thorough system of tank washing em- 
ployed before installation in the machines. 


The dirt in the tank usually takes some 
time to work its way into and accumulate 
in the feed pipes or filters sufficiently to 
choke them. The machines are often by 
that time being delivered by air by pilots 
who are none too familiar with them, con- 
sequently engine failure means a good 
chance of crashing. 


I remember having four forced landings 
while delivering a new B.E.2C. from Farn- 
borough to Dover on this account. Anoth- 
er simple cause of engine failure which 
might easily be guarded against is that 
gasoline cocks in many cases have no def- 
inite locking device to insure that they re- 
main in the open position during flight, 
consequently they are liable to vibrate 
into the “off” position, thus cutting off 
suddenly the gasoline supply. Many in- 
stances have come to my notice where 
gasoline cocks are fitted in such a manner 
that the tendency is, through the weight 
of the cock lever, to fall shut instead of 
the reverse. This is such a simple and 
yet such an important point that it really 
is surprising mistakes like this are con- 
tinually allowed to be made. I have had 
engines cut out suddenly on three occa- 
sions during the past two months from 
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this cause alone; one meant a forced land- 
ing because the gasoline cock was not ac- 
cessible to the pilot, the other two were 
opened again in the air. It often leads to 
serious results, as the gasoline fails sud- 
denly and it is seldom that the cause is 
discovered before the forced landing is 
made. Having a somewhat limited time 
at my disposal this evening I will not 
touch on what I have found to be other 
causes of engine failures, but I can assure 
you that as far as my experience shows 
they are a small proportion compared with 
those due to gasoline supply, and improve- 
ments in this direction will reduce engine 
failures enormously. 


Faulty Piloting 


Errors of judgment or faulty piloting 
account for nearly or perhaps as many 
crashes as engine failure. 

The most common error made even by 
experienced pilots is losing flying speed 
on a turn which starts a side-slip, and 
given sufficient height terminates in a nose 
dive, or the more serious predicament, a 
spin. This mistake is often made under 
the stress of circumstances, when engine 
failure calls forth extra effort on the part 
of the pilot to reach a certain landing 
spot. The trouble is nearly always in- 
curred by turning too flatly until the wing 
drops and the machine side-slips, generally 
in the effort to get into more suitable 
ground than that available straight ahead. 
This is always a dangerous maneuvre, and 
in nine cases out of ten when smashes 
have resulted probably less damage would 
have been caused had the pilot kept his 
machine from turning and pancaked 
straight ahead. I have found that most of 
the later type machines can be stalled (i.e., 
speed reduced well below flying speed) 
without any risk of side-slipping, provided 
they are kept in a straight course and 
laterally level, as they will automatically 
drop the nose as soon as the speed becomes 
so low that the elevators have little or no 
effect. Most of the serious accidents start 
at a height insufficient for the machine to 
get out of its side-slip before striking the 
ground. Others strike the ground at the 
later stage, usually a nose dive, but in 
some cases a spin. If sufficient height re- 
mains after the machine assumes a nose 
dive there is no reason why it should not 
be pulled out and a normal glide resumed, 
but in the other event, although it is pos- 
sible to get out of a spin, it is far more 
difficult a proposition than the instinctive 
maneuvre of pulling up out of a nose dive. 

A spin is the extraordinary turning 
movement that some machines only too 
readily take up after being stalled on a 
turn or being turned too flatly even with 
plenty of flying speed. This is due to the 
machine suddenly meeting the air a great 
deal out of the parallel with its longitu- 
dinal axis either through side-slipping, 
skidding, or yawing in the air. Having 
had more than one involuntary spin, but 
having been fortunate enough to have suffi- 
cient height to get out again, I feel the 
matter is not to be treated too lightly. The 
position a machine assumes in a spin is 
a rapidly revolving side-slip or a fairly 
steep spiral dive, with this rather serious 
drawback that the more one tries to pull 
it up by means of the elevator the faster 
it spins. No matter how high one is, if 
one persists in trying to pull it out in a 
normal way, it will remain out of control 
because the elevator has now become the 
rudder, and instead of pulling it out, in- 
creases the speed of turning. If the con- 
trols are abandoned, the machine will 
come out of its own accord, but personally 
I have always found the best and quickest 
remedy for spins is to straighten the rud- 
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der and shove the joy-stick forward; a 
clean nose-dive will then reesult out of 
which the machine can be pulled. 

I think in the matter of spins, preven- 
tion is better than cure, and it is up to the 
designers to see that their machine is of 
the non-spinning type, as however clever 
and quick the pilot may be in applying his 
pet remedy, he may not have height 
enough to do so, and the results are usual- 
ly disastrous. 

The errors of judgment which are made 
in landing account for crashes galore, but 
these, fortunately, are usually a small 
matter compared to those made in the air, 
seldom resulting in more than a smashed 
landing chassis. Flying experience is the 
only remedy for this particular fault. 

Landing with the wind will sometimes 
end in a crash through the machine over- 
running the limit of the landing ground; 
whilst landing side to wind will buckle 
wheels and wreck chassis. Neither of 
these troubles is always the direct fault of 
the pilot. 

An easily distinguishable standard type 
wind-vane on every recognized landing 
ground would considerably lessen crashes 
from these causes. 


Faulty Construction 


Accidents directly due to faulty con- 
struction of the airplane are, fortunately, 
comparatively rare, as when they happen 
the results are so often fatal. They occur, 
however, even on standard types. In some 
cases the airplane is not entirely at fault, 
as in these days of heavy high speed effi- 
cient machines with so little head resist- 
ance and which attain colossal speeds on 
diving, it is such an easy matter for the 
pilot to increase the load beyond the high- 
est factors of safety. One has only to con- 
sider the load on the wings of a machine 
dived at 160 m.p.h. when it is pulled out 
with a heavy hand. 

Constructional failures of machines in 
the air can sometimes be traced to damage 
inflicted by imperfect landing, usually to 
the back part of the body in the region of 
the tail skid. This gets overlooked and 
subsequently the tail gives way under any 
extra stress whilst flying. 

I should like here to be permitted to 
make a suggestion for the consideration of 
our chairman for what it is worth, i.e., 
that a detailed record be kept of every 
engine failure, forced landing or accident 
of every kind and description that hap- 
pens, at any rate, at all home stations. 
These records to be collected and classified 
so that valuable data may always be avail- 
able. However, some such system as this 
may already be in operation. 

I now come to a few points which might 
be brought forward from my experience 
with instruction of pilots. 


Medical Tests for Prospective Pilots 


I think that a great deal of time and ex- 
pense might be saved if some form of med- 
ical test were applied to prospective pilots, 
such as I understand is done in France, 
where the effect of sudden shocks upon the 
system of the candidate is recorded by 
mechanical means, and other tests are 
made which are supposed to give a fair in- 
dication at once of the medical fitness and 
the possession of the necessary qualities, 
such as nerve, judgment, and the presence 
of mind required for the making of a pilot. 

There are many pupils on whom a lot of 
time and material has been wasted in the 
endeavor to make pilots of them who 
simply do not possess these ordinary qual- 
ities, and it is not until they have had 
smash after smash that it is discovered 
they simply have not got it in them. Now 
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the French method should weed out the 
non-suitable candidate beforehand. 

Personally I consider that the nearest 
equivalent to the art of flying is that of 
motor-car driving ; a person who thorough- 
ly understands and who can drive a car 
really well should possess the qualities re- 
quired for piloting an airplane. General 
Srancker, in the paper he read a short 
time ago before the Society, mentioned a 
good horseman as the type possessing the 
necessary qualifications. I agree that good 
hands, a good head, steady nerves and 
judgment are essential qualities all of 
which should be found in a good motorist, 
with this advantage, that the good motor- 
ist is more likely to be naturally mechan- 
ical, a faculty inborn and not easily ac- 
quired, and so important in the matter of 
flying. 


Types of Airplanes for Instruction 


Time and material would be saved, in 
my opinion, if the modified “ penguin ” 
type of machine were more generally used 
for the very earliest training. I refer to 
the small-powered machine, incapable of 
leaving the ground, but designed solely for 
taxi-ing about the aerodrome, which was 
generally in vogue at the Blériot Schools 
before the war. On this machine the pupil 
can be loosed off alone immediately after 
preliminary explanation with compara- 
tively no risk, and at the same time he 
would get used to controlling his engine, 
have plenty of practice in the use of that 
important control, the rudder, and lastly, 
but not least, he would have to be left to 
his own resources, use a little initiative, 
and get used to the noise and wind from 
his motor. This type of machine might be 
modified in such a way that the other con- 
trols might be brought to play an active 
part in piloting the “ penguin” over the 
ground. The whole body and wings might 
be supported independently of the landing 
chassis (or rather the rolling chassis) in a 
sort of gimbals, so that it could be banked 
and elevated by the control lever whilst 
running along or turning. I think an 
hour’s taxi-ing on a machine of this type 
would, as a preliminary, be of more as- 
sistance than the same amount of dual 
control, as the pupil would know at least 
more about the use of his rudder. 

The best type of airplane to use for in- 
struction in actual flying and the question 
as to whether it should be stable or not isa 
very debatable point. I do think, however, 
that the less efficient within certain limits 
the early training machine is, the better 
and sounder will be the elementary knowl- 
edge and experience gained by the pupil. 
Such experience is likely to be very valu- 
able when, later in his career, he is con- 
fronted with engine failures or similar 
predicaments, where his reserve of engine 
power will no longer cover up his multi- 
tude of sins in piloting. To illustrate this 
point, let us assume that there are two 
pilots, A and B. A has qualified for his 
Aero Club Certificate on a box-kite, i.e.. 
early Henry Farman type biplane, fitted 
with 50 h.p. Gnome. B gets his certificate 
on a much more powerful machine, one 
that can climb quicker, and can even be 
turned and climbed a bit at the same time. 
He knows this is so because he has done it 
on his last flight. But A finds that to get 
round really comfortably on his he feels 
compelled to drop the nose a little, as it 
feels a little sloppy otherwise. At a later 
date, on valuable service machines, both 
A and B have engine failures. A lands 
successfully, B crashes badly through 
turning too flatly. A has learned from the 
beginning that he was always on the safe 
side in dropping her nose a bit on a turn; 
B always thought it unnecessary. 

Personally I do not think that the stable 
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machine is the best for training. If it is 
considered so on the score that once in the 
the air it will look after itself and so re- 
duce the chances of the pupil crashing, 
then we have only to assume, for the sake 
of argument, that a self-landing training 
machine has been devised that will auto- 
matically land itself correctly, do away 
with the smashes on landing, and ultimate- 
ly, with a few more improvements, all the 
pupil need do would be just to sit still and 
take the air, as everything would be done 
for him, but after many hours of joy-rid- 
ing on this super-school machine he would 
have learned very little about piloting. 
For securing Aero Club Certificates for 
pupils at so much a head as a commercial 
proposition, this sort of machine might 
be excellent, but the unstable machine 
should be used as the basis of training to 
get the best results in the end. 


The Use of Instruments for Training 


I now come to another question, over 
which there is a deal of controversy. It 
is the use of instruments for training. I 
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Personally I seldom use an instrument 
as an assistance to piloting. Do not as- 
sume that I am sneering at instruments; 
in fact, as I have stated, there are times 
when they are a necessity. In fact, I am 
going to suggest that one more instrument 
be fitted as a standard equipment, an in- 
strument to reduce the risks connected 
with flying in clouds. 


Flying Through Clouds 


It may not be generally known that 
there have been such a large number of 
fatal accidents during the last three years 
entirely due to flying through clouds, and 
I consider this subject wants going into 
pretty carefully. The accidents to which 
I refer have not been questions of a want 
of height ; the machines have become hope- 
lessly out of control. I will give you an 
instance which happened to myself a few 
weeks ago in the West of England. You 
will then realize why I consider this is a 
serious matter requiring particular atten- 
tion. I set out on a very cloudy, windy 
day to do a test climb to 10,000 feet on a 
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cousider instruments as valuable acces- 


sories to any machine, but only under cer- 


tain circumstances are they necessities, 
and in training they should not be regard- 
ed as indispensable. It is the wrong sys- 
tem, in my opinion, for the pupil to be 
made to rely on them too much. Although 
flying is largely a mechanical procedure, 
there is a tremendous lot of the personal 
sensation and feel that the pilot should 
acquire which, when once acquired, will 
take the place of practically any instru- 
ment devised. For instance, could an ice- 
skater learn to do the outside-edge merely 
by looking at a bubble of a_ spirit-level 
fixed in front of him? I should say no, 
but once he had acquired the feeling that 
he had correct balance, which only prac- 
tice can give, he will make his sharp turn 
on the outside-edge at the correct angle 
better than any instrument could show 
him. Therefore I say let the pupil acquire 
without delay that naturally instinctive 
feeling so absolutely essential for a good 
pilot. Whilst he is taught to rely on his 
instrument too much to climb, turn, or 
even try and land, he will be long, if ever, 
in acquiring the art that will make him 
independent of instruments. 


late type two-seater. I had so often on 
previous oceasions succeeded quite com- 
fortably in reaching this height in spite of 
cloudy, overcast days by pushing up 
through the clouds, usually only a matter 
of a few minutes, into bright sunlight and 
the bluest of skies, and, after reaching the 
desired height, coming down again through 
the clouds, having flown by compass and 
time. On this particular day, however, 
the wind was very gusty, and on reaching 
1,200 feet we got into a dense rain ¢ oud, 
but carried on to beyond 5,000 feet, still in 
the cloud, when the compass apparently 
began to swing (really it’s the machine 
that begins swinging, not the compass), 
and efforts to check the compass had the 
effect of causing it to swing more violently 
in the other direction. The air speed then 
rushed up far beyond normal flying speed ; 
all efforts to pull her up checked her only 
slightly; then the rudder was tried, back 
went the air speed to zero; there was an 
unusual uncanny feeling of being detached 
from the machine, and I knew her to be 
literally tumbling about in the clouds. All 
efforts to settle down again to a straight 
flight seemed to be unavailing, until we 
emerged from the cloud very nearly up- 
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side down. Assuming control again was 
then an easy matter. This sort of thing 
has happened to me more than once, and, 
in the Flying Corps vernacular, “it puts 
the wind up you,” and it has happened 
many times with other pilots. In some 
cases they emerge from the clouds in a 
spin, others are known in which the planes 
have collapsed under the strain of the sud- 
den pull-up from the vertical nose-dive. A 
few days ago a squadron commander told 
me that on one occasion when in France 
everything loose in his machine fell out 
whilst in a cloud. A week or so ago, on the 
South Coast, a machine disintegrated in a 
cloud and the main planes landed half a 
mile from the body. From my own ex- 
perience this is a very unpleasant state of 
affairs, and in consequence I avoid clouds 
when possible. Let us try and examine 
the cause of this. First of all you must 
realize that in a cloud you see nothing 
whatever but your machine around you. 
There is no fixed point visible. The only 
means by which you can tell if you are 
flying in a straight course is by your com- 
pass and your air speed. The compass 
should give you your direction horizon- 
tally, your air speed your direction ver- 
tically. The first thing that happens, and 
very readily, too, if windy and bumpy, is 
that your compass card will begin to move 
slightly. It really appears to you that the 
compass was suddenly affected by the 
cloud, and you are still flying straight 
ahead. How often you hear a pilot say 
that as soon as he got into a cloud his 
compass started spinning. The moment 
the compass starts moving it requires ex- 
tremely delicate ruddering to get it back 
to a steady position; in fact, one invari- 
ably over-corrects the compass movement 
and so the trouble begins. Once the com- 
pass starts on a good swing I have found 
it nearly an impossibility to get it steady 
again until out of the cloud. Before your 
compass starts to move your machine has 
already started to turn. You rudder the 
opposite way to check it, over-correct it, 
and turn sharper the other way on to a 
bank turn; then the nose drops and the 
speed goes up. Pulling back your elevator 
lever has little or no effect, for if you are 
banked above an angle of 45 degrees the 
elevator becomes the rudder. All this oc- 
curs without the pilot being in the least 
bit aware of the position that his machine 
is taking relative to the ground. The in- 
struments available are of little service 
once he loses his control. 


Of what use is his air speed indicator to 
him indicating 150 m.p.h. if the machine 
is on a spinning spiral and he imagines 
that he is merely descending too fast on a 
steep, straight glide? He naturally tries 
to pull up, but with no effect. The bubble 
does not help him, as centrifugal force 
will send that anywhere. It may be argued 
that if a stable machine is left alone un- 
der these circumstances it will right itself 
eventually and assume a normal glide. It 
very likely would if the pilot could steel 
himself to let it entirely alone, but before 
it did so it would have to be left to do a 
sheer vertical nose-dive for some moments, 
and in these days of big weights and little 
head resistance one is liable to attempt to 
pull out too suddenly from the dangerous 
high rate of speed attained on this dive. 
What I want to see fitted is an instru- 
ment which will show a constant vertical 
or horizontal line and be independent of 
centrifugal force. I have no ideas upon 
the subject nor suggestions as to how this 
is to be brought about, unless something 
in the nature of a small gyroscope driven 
by an air-screw could be employed in some 
way to meet the requirements of flying in 
clouds, but until something is provided so 
that the pilot can see a fixed line, I think 
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we shall continue to have accidents from 
this cause. 


Flying at Great Altitudes 


There are lots of other points that I 
should like to touch upon, but as my time 
is getting short I shall now deal with the 
subject of flying at great altitudes as I 
have found it. The most marked develop- 
ment in the modern machine is its ex- 
traordinary capacity for climbing to a 
great height in a short time. At the be- 
ginning of the war the average height 
flown on active service was 4,000-5,000 
feet, simply because few of the machines 
then in use with the impedimenta carried 
could get much higher. To-day a height 
of 20,000 feet is, I believe, on certain oc- 
casions reached, and it is fairly certain 
that if progress continues at its present 
rate, heights a great deal beyond this fig- 
ure will be reached as a usual thing. These 
great altitudes bring forward many diffi- 
culties which will have to be seriously con- 
sidered. The first trouble in the winter 
will be the extreme cold to which the occu- 
pants will be subjected unless they are 
protected by special cowling, which will 
gather in the warmth given off from the 
engine. This, to a certain extent, is the 
natural advantage obtained in the tractor. 
The question of the difference in the com- 
fort of machines in this respect was 
shown to me in a very marked manner last 
winter. I was testing the fall-off of en- 
gine power at a height on a tractor two- 
seater, in which it was specially arranged 
that the warm air from the radiator and 
engine passed along the body to the pilot 
and then to the passenger, and although 
at a height of over 21,000 feet with the 
thermometer below freezing at ground 
level, I did not suffer in the least from 
the cold, neither did my passenger, who 
sat behind, complain until we shut off to 
descend. As a contrast to this, a few days 
‘ater I was on a single-seater at an alti- 
tude of 17,000 feet, and although it was a 
tractor with a rotary motor, I suffered 
intensely from the cold, and became so 
numbed that my vitality must have been 
something akin to a dormouse under the 
snow, and, in spite of being well gloved, 
I had frostbitten finger tips, which pained 
for many days afterward. Surely this is 
a very inefficient state for a pilot at the 
front to haye to take on an air fight or 
other exacting work? Put two pilots up 
to a great altitude, one kept well warmed 
and comfortable, the other half dead with 
the cold, and it would be easy to surmise 
which would be most likely to do the best 
work. 

I really believe it is more by accident 
than design that the pilot or passenger 
have benefited at all in the past from the 
heat of the engine, with the exception per- 
haps of the late S. F. Cody’s machine. He 
purposely placed the radiator of his push- 
er in front of the pilot to keep him warm. 
I know from my experience when flying in 
France in the cold weather that the dis- 
comfort owing to the extreme cold became 
intense when flying only at 6,000 feet on a 
two or three hours’ reconnaissance flight. 
This is a point to which designers should 
give attention, especially as machines are 
now easily capable of reaching great 
heights. During summer weather condi- 
tions would probably be tolerably comfort- 
able, but in winter it would be well nigh 
impossible unless better arrangements are 
generally made. 

Cold also affects the engine pretty seri- 
ously. This is more noticeable with the 
water-cooled type. Unless some provision 
is made for blanketing the radiator sur- 
face at heights it becomes far too cold for 
efficient running. Cases are known of the 
freezing of the water system on a descent 
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from a great height, with pretty serious 
results to the engine, as well as the diffi- 
culty of getting the engine to run again 
efficiently through being too cold to effect 
a landing. In the future war machine the 
pilot must have a very wide range of con- 
trol over the water-cooling system. 


Effects Due to Flying at High Altitudes 


I will now touch lightly on effects that 
I have experienced on high flights. I have 
found the effect of high, i.e., rarefied, air 
to be felt slightly at about 10,000 feet in- 
creasing with the altitude. Breathing be- 
comes affected, respiration shorter and 
quicker, there is a curious oppressive sen- 
sation and a bulging feeling in the head 
until the height of about 20,000 feet is 
reached. I am told by a medical friend 
who has made rather a study of the sub- 
ject that there is always a risk of a sud- 
den collapse, and oxygen should be used 
whether the aviator fee's fit or not. Of 
course, the effect felt varies considerably 
with individuals, and with the state of 
one’s health. About 18 months ago I suf- 
fered slightly with my heart, and found 
I could not get very high without feeling 
giddy, and after returning from a flight 
to 12,000 feet I had palpitation which 
lasted until the following day. In conse- 
quence I had to abandon high flying until 
treatment got me fit again. This year I 
have made a number of high flights and 
have felt no ill effects whatsoever ; in fact, 
I find the more one gets accustomed to 
going up high the less the effects dre felt. 
I am told that ‘this also is the case in 
mountaineering. I can remember the un- 
pDieasantness of my first flight to 15,000 
feet. It was very marked, especially the 
pain experienced in the drum of the ears 
on descending. The fact that a flight now 
to 21,000 or 22,000 feet does not have so 
much effect I put down entirely to acclim- 
atization. I use oxygen as a precaution 
when ascending beyond 20,000 feet for the 
previously mentioned reasqn. A _ small 
bottle is carried, fitted with a special re- 
ducing valve, which is fixed in the body 
within easy reach of the hand. No special 
regulation is required as it is set to pass 
only the necessary amount of gas into the 
face mask which acts as a mixing cham- 
ber, with its inlet an? outlet air valve. 
The apparatus weighs 16 Ib., and contains 
sufficient oxygen for one hour’s continuous 
use. After reaching 20,000 feet I find it is 
only necessary to use the oxygen inter- 
mittently, and accordingly I simply hold 
the mask after turning on the gas over the 
mouth and nose and take a few breaths of 
it, perhaps every half minute. The effect 
on me is remarkable; most of the oppres- 
sive feeling vanishes, and, excepting for 
the unpleasant bulging feeling of the head, 
which you experience with a bad cold, the 
sensation is one of suddenly being again 
at ground level. The only after-effects 
upon landing from these high altitudes 
are that you seem to acquire a pretty good 
thirst, due, I suppose, to the use of oxy- 
gen. If the speed of climb continues to 
improve at the rate it has for the past 
three years, it looks as though aviators 
will become subject to what is known as 
“Caisson Disease,” due, I am told, to the 
sudden reduction in atmospheric pressure, 
such as divers are subjected to when they 
come to the surface from a great depth, 
owing to the nitrogen which has been ab- 
sorbed by the system, in proportion to the 
atmospheric density, forcing itself too rap- 
idly at any lower pressure from the sys- 
tem. 

There are many other points that I 
intended touching on in this paper, but I 
find that to do full justice to the sub- 
ject it would occupy considerably more 
than the limited time at my disposal. 





The Cleveland Aero Engine 


The following interesting details of the new Cleveland en- 
gine have been supplied by the manufacturers: 

The requirements of an aviation engine today seem to be 
maximum possible power which can be crowded into certain 
limited space without excessive weight, economy of operation 
in regard to both fuel and oil, reliability for extended periods 


In order to obtain the highest practical economy of both 
fuel and oil, water cooling is used. This makes possible carry- 
ing the cylinder compression much higher than would be prae- 
tical by direct air cooling, which in itself makes for much 
greater fuel economy. The comparatively low temperatures 
of eylinders and pistons conserves the oil supply and assists in 





making possible a larger radius of 





of time, and lightest possible 
weight. In developing the Cleve- 


land aero engine these points have 
been considered and incorporated in 
its design. 

There seem to be limiting speeds 
beyond which a_ propeller loses 
some of its efficiency and absorbs a 
certain amount of power from the 
engine which it cannot convert into 
effective thrust. These limiting 
speeds are considerably below the 
practical maximum rotary speeds 
for the high-powered gas engine. 
These being the facts, the logical 
solution of this problem is to design 
a machine for high piston speeds 
and gear down from the crankshaft 
so that the propeller makes a lesser 
number of turns. In any ordinary 
type of fixed cylinder machine this 
is accomplished through reduction 
gears which compare in an airplane 
to the transmission in a ear; in 
other words, becomes a separate 
and intermediate unit. 

The Cleveland aero engine has in- 
corporated these speed-reducing 
gears in the design of the engine as 
an integral part of the machine, 
practice having proven that it is 
entirely feasible, especially im the 
smaller types of engines, to operate 
the engine at twice the propeller 








action on a given weight of oil. 

In connection with the question 
of lubrication, another feature of 
this motor is worthy of attention. 
There are no plain bearings in the 
crankease structure of this engine 
which ordinarily require pressure 
oiling systems of extremely high 
efficiency in order to prevent over- 
heating of these bearings under the 
heavy duty required of them. This 
| being the fact, special methods for 
| cooling lubricating oil become un- 
necessary, thereby saving an addi- 
tional weight and complications re- 
quired for sueh cooling. In addi- 
tion to that, the all ball-bearing 
construction makes possible the de- 
livery of a far greater percentage 
of the indicated horsepower through 
the propeller. 

The entire design has _ been 
worked out with a view of develop- 
ing a machine specially suitable for 
working into stream-line body form. 
The machine is compact, and its 
parts so located that the operator 
has all features usually requiring 
attention immediately in front of 
him, so that their operation may be 
watched and adjustment made even 
in flight, as might become necessary. 

From a thermal standpoint, the 











speed or more. In this engine 


the propeller speed is exactly one-half that of the crankshaft, is 
and the parts are so arranged in the design that no separate 
camshaft is required, eliminating in itself a number of parts 
ordinarily used and thereby also reducing weight. 


This apparatus is of interest to engine 
builders. It is based on the principle that 
lack of dynamic balance (in a statically 
balanced body) is due only to a centrifu- 
gal couple acting:in an axial plane. This 
can only be balanced by introducing an- 
other centrifugal couple of the same mag- 
nitude but of opposite sign, in other words 
by drilling two holes or adding two 
weights. 


also capaple of 


$y trial the clamp is adjusted in its 
proper position on the shaft, throwing it 
off center through a certain amount; thus 


























The apparatus consists of a clamp (Fig. 
1) very carefully made and calibrated, 
which is firmly secured to the outer end 
of the shaft of the body, the other end 
of which is fastened in a chuck of a plain 
engine lathe (Fig. 2). The end carrying 
the clamp is resting on the roilers of a 
yielding support, firmly secured to the 
shears of the lathe, and provided with 
an ordinary dial gage indicator and that 
is all. 
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an unbalanced centrifugal force is pro- 
duced, acting directly upon the body it- 
self; and in consequence of the reaction 
of the fixed end of the shaft, such an un- 
balanced force can be made to counter- 
act the disturbing unbalanced couple of 
the body. 

All that has to be done is to read the 
off-center displacement of the clamp and 
to take into account the distance of the 
clamp from the chuck; and an immediate 
reference to specially constructed tables 
or curves gives a quick answer as to what 
to do, how and where to drill, ete. Fig. 


572 


amount of horsepower per inch of 
shape of the combustion chambers 
design and assembly 


. machine is highly efficient. — It 
developing practically the maximum 
piston displacement. The 


and the details of cylinder 
make these things attainable. 


» represents a data sheet, referring to a 
four-cylinder crankshaft of a well-known 
car. 

These clamps are standardized and 
range in 1-in. intervals like ordinary mi- 
crometers; for instance: the smallest size 
is 0 to 1 in.; the next size is 1 to 2 in., 
etc. Several sizes are carried in stock, 
while special sizes can promptly be made 
to order, there being absolutely no limit 
to the size in which a clamp can be made. 

The yielding supports are so propor- 
tioned that one size can take care of a 
great variety of shaft diameters. 

This equipment need not be operated at 
excessive speeds during the tests; the re- 
sults are quite independent of the r. p. m. 
An average mechanic can learn the opera- 
tion in about two hours. In two days he 
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becomes an expert; he has no calcula- 
tions to make and must but follow the 


easy instructions and charts supplied with 
each device. 
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$640,000,000 Aviation Bill Passes House 


Gas Plant at Langley Field 

Contract has been awarded at $379,856 
for constructing and equipping the hy- 
drogen gas plant of Langley Aviation Ex- 
periment Station and Proving Grounds at 
Hampton, Va., where the Government will 
expend millions of dollars. The Improved 
Equipment Co. of New York received the 
eontract, and contract for building a dock 
and railway to connect the aviation plant 
with Back River has been awarded at 
$22,000 to the Vaughan Construction Co. 
of Shawsville, Va. 

The gas plant will include these fea- 
ures: Hydrogen generating building; flash 
charging building; steam boiler plant; 
blue-gas generator; No. 6 horizontal posi- 
tive-pressure blower for blue gas; blue- 
gas exhauster; blue-gas holder of 25,000 
eubic feet capacity: blue-gas scrubber; 
blue-gas meter; multiple vertical retort- 
type hydrogen furnace with hydraulic 
main and scrubber; hydrogen-gas_ ex- 
hauster; hydrogen-gas holder of 200,000 
cubic feet capacity for 15x12-foot oxide 
purifiers for blue gas; hydrogen-gas relief 
holder of 5000 cubic feet capacity; four 
10x6-foot hydrogen-gas_ purifiers; two 
steam hydraulic elevators; capacity 3500 
cubic feet per hour when operating 22 
hours daily, with provision for increasing 
to 7000 cubic feet per hour. 





The Aviation Bill, carrying an ap- 
propriation of $640,000,000 for Army 
aeronautics, was passed by the House 
of Representatives July 14, without a 
dissenting vote, and with very brief 
debate. 

The measure will now come before 
the Senate, where its passage without 
serious opposition is anticipated. 


$45,000,000 Asked for Naval 


Aeronautics 

The Secretary of the Navy has recom- 
mended to Congress the appropriation of 
$45,000,000 for naval aeronautics, in addi- 
tion to the amounts already made ayail- 
able. 

Discussing the need of this appropria- 
tion, Secretary Daniels said: 

“ The value of aircraft has been abund- 
antly demonstrated in the present war, 
and the Navy is making efforts to build 
up an air force of sufficient size to operate 
as scouts from naval vessels, to patrol the 
waters off the extensive coasts of the 
United States and our insular possessions, 
and also to cooperate with naval forces 
abroad in anti-submarine warfare. 

“The $45,000,000 recommended will be 
required to maintain and expand the ex- 


MAKING PROPELLERS IN A FRENCH AVIATION CAMP NEAR SALONICA 


Testing Laboratory for Engines 
The National Advisory Committee for 
Aeronautics authorizes the following: 


At a recent meeting of the subcommittee on 
power plants of the National Advisory Com- 
mittee for Aeronautics, preparations were 
made for the development at the Bureau of 
Standards of a laboratory for testing aircraft 
engines under conditions of altitude and tem- 
perature similar to those encountered in flights 
at an altitude of 20,000 feet or more The 
laboratory and its experimental equipment will 
be organized under the auspices of the Advisory 
Committee, and the investigations will be di- 
Tected by the subcommittee on power plants. 

The special immediate purpose of this pro- 
posed equipment is the prompt testing out of 
the so-called “All America” airplane engine, 
how under development, in order to be able to 
immediately put it under controllable condi- 
tions corresponding to any altitude and any 
tpnospheric conditions which would be met in 

le air. 


isting schools and stations, to establish 
new stations and training schools and to 
purchase the necessary aircraft—sea- 
planes, dirigibles and kite balloons—for 
use on the high seas and from coastal 
stations at home, and in cooperation with 
our allies, 

“The additional personnel required for 
the operation of the naval aircraft is 
being enrolled in the Naval Reserve Fly- 
ing Corps. Applications continue to be 
received in large numbers, and the suc- 
cessful candidates are being taken into 
the service as rapidly as possible.” 





Radio Division Established 
A Radio Division of the Office of the 
Chief Signal Officer has been established. 
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This office will handle radio matters for 
both the Aviation Section and the Signal 
Corps proper. 

Major Nugent H. Slaughter, U. S. R. 
has been designated as the officer in 
charge of this division, with headquarters 
at 1710 Pennsylvania Ave., Washington, 
D. C. Capt. Clarence C. Culver has been 
transferred from the Aircraft Engineer- 
ing Division to the Radio Division. 


Spokane Plans Landing Stations 

Spokane is to be one of the first cities 
in the United States to lay out and main- 
tain regular landing stations for pas- 
senger, freight and postal airplanes. 

The selection and assignment of these 
stations will be one of the first duties 
of the new city planning commission, the 
establishment of which will be voted upon 
at the November election. 

Commissioner C, M. Fassett has called 
attention to the necessity for such stations 
in view of the rapidly increasing use of 
aircraft. 

“Tt’s a logical duty for the commission 
to plan such stations,” he declared. 


Traffic After War 


The end of the war will see the United 
States, not only with thousands of planes, 
but with such facilities for the rapid 
turning out of new flying machines, that 
private planes will become common, Mr. 
Fassett believes. 

City planning committees which are at 
work all over France, getting ready to re- 
build German-destroyed cities and towns, 
are paying special attention to the selec- 
tion and adaptation of tracts of land for 
airplane stations. The French example, 
Mr. Fassett says, shouid be followed at 
Spokane. 

Present apparently available locations 
in Spokane include the park board’s prop- 
erty between Mission, Sinto, Cook and 
Regal, the up-river golf course and some 
raw land southwest of the Northwest 
Boulevard. 

The preparation of the landing stations 
is not a complicated business. The land 
is cleared of all big rocks, huge markers 
are laid out to guide aircraft approaching 
the city, illumination is provided for night 
work, and workshops, where machines 
may be overhauled and repaired, are con- 
structed and equipped. 





“ All America” Airplane Engine 
Ready for Tests 


Announcement that the new airplane 
engine with which America’s air fleet will 
be equipped has been built and is ready 
for final tests has been made by Brig.- 
Gen. George O. Squier, Chief Signal 
Officer. testifying before the Military Af- 
fairs Committee of the House. The com- 
mittee was considering the Administration 
bill for the organization of the first con- 
tingent of the air fleet. 

The new engine will be an American 
development, though its designers have 
had the benefit of all information and 
experience of our allies abroad. Howard 
Coftin of the Council of National Defense, 
one of the most successful automobile 
engine designers in the country, is under- 
stood to be largely responsible for the 
new engine, which is said to promise a 
big advance in sustained flight and weight 
carrying power. 
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Ground School Graduates 

With the graduation of 142 candidates 
for appointment as aviation officers it be- 
came evident that the plans of Brig.-Gen. 
George O. Squier, Chief Signal Officer, are 
working out successfully with respect to 
personnel. Eleven days before any of 
these candidates entered the schools of 
military aeronautics assurances were 
given that 120 students would be gradu- 
ated at the ground schools at Cornell and 
other colleges on July 14. This number 
was exceeded by twenty-two. 

There were graduated from the aviation 
schools at the University of I[llinois, 
twenty-five ; the University of Texas, nine- 
teen; Cornell, twenty-eight; the Massa- 
chusetts Institute of Technology, twenty- 
three; the University of California, 
twenty-four, and the University of Ohio, 
twenty-three students. There are now 
more than 1,200 candidates undergoing 
training at these schools, and 100 are 
being trained at the ground schools which 
were opened at Princeton and the Georgia 
Institute of Technology on July 2. The 
six ground schools first named are ex- 
pected to graduate an average of 150 a 
week from now on, and beginning five 
weeks hence, when Princeton and the 
Georgia Institute also will begin to turn 
out graduates, the total for the country 
will be swelled to 200 a week, or a pros- 
pective 10,400 graduates during the next 
year. 

The men who have done no flying but 
who have gone through an intensive train- 
ing in all ground work up to the point of 
flying have been assigned to the aviation 
schools at Chanute Field, -Ill.; Selfridge 
Field, near Mount Clemens, Mich.; San 
Diego, Cal., and Mineola, L. I.. After suc- 
cessfully passing examinations as fliers 
they will be commissioned as first lieu- 
tenants in the Aviation Reserve Corps. 


Flying to Begin This Week at 
Rantoul 
Flying will begin this week on 


the first 
of the big new Government aviation 
training fields, at Rantoul, Ill.. Howard 
Coffin, chairman of the Aircraft Produc- 
tion Board of the Council of National De- 
fense, announced on his return from a 
visit to the. training fields now under 
preparation at Rantoul, Dayton, Ohio, 
and Mount Clémeis, Mich. -There will 
probably be twenty fliers on-the ground 
at Rantoul this week’ and all three fields 
will be completed by July 15. 


‘*The’ construction work on Chanute Field 
at Rantoul has broken all records,”’ Mr. Coffin 
said. ‘A half million dollars’ worth of build- 
ings have been put up practically within a 
month. They form a village a mile long and 
the speed with which they have virtually 
sprung out of the ground has been deeply im- 
pressive. A few weeks ago the big mile-square 
space was simply a collection of cornfields. 

No Disagreement Among Men 

‘“The explanation for the speed with which 
the work has been done is the spirit which has 
filled the men engaged in it. Union men and 
non-union men are working side by side in the 
effort to advance the national interest. The 
only outward distinction is that the union men 
are working behind a big American flag whic 
is advanced as the job progresses The sole 
idea which has occupied the minds of the work 
men has been the desire to break all records 
on this war work. There are 2.000 men on the 
job and there bas not been a disagreement or 
row of any kind since it started. I was im 
pressed with the fact that these men were do- 
ing their part in the Nation's service just as 
earnestly as though drilling in the ranks with 
guns on their shoulders. 

Work on Other Fields 

“There are 3.000 men working on the Wil- 
bur Wright Field at Dayton and 2,000 on the 
Selfridge Field at Mount Clemens. The Day 
ton field is the most impressive, as it is more 
than twice the size of the others. It is in- 
tended to accomodate four squadrons instead 
of two and is about 1% miles wide and 2% 
miles long. Orville Wright is actively super 
intending the work at Dayton. : 
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“The preliminary training schools 


training cadets will be prepared to send 
tas of students to the training fields as 
as the fields are ready and the work will be in 
full swing by the last of July Arrangements 
have already been made for training planes 
and although the full quota of machines will 
not be available by the 15th the shortage will 
not be serious.” 


Realize Size of Task 

“The Aircraft Production Board has 
no illusions as to the size and character 
of the job before it.” a statement issued 
by the Board the other day ‘but 
the whole task is one of industrial organi- 
zation for quantity production, and in this 
we Americans are above all other nations 
fitted by experience and tradition to break 
records. The new permanent air craft 
exhibit should furnish a valuable aid to 
the process of familiarizing the industry 
with the task and organizng for its ac- 
complishment. 


Says, 


Marine Corps Aviation Station 
A camp has been opened at the Phila- 
delphia Navy Yard for the new 
aviation corps. 
The corps is commanded by Capt. A. A. 
Cunningham, and he is assisted by C: 


marine 
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The tests just concluded have extended 
over a period of eight months, during 
which time every available American plug 
was tested under conditions for safety’s 
sake even more severe than prevail in 
actual airplane use. 


Sturtevant Co. Assisting in Ground 


School Work 

W. E. Barrett, of the Sturtevant 
Aeroplane Co., is lecturing at the School 
of Military Aeronautics of the Massachu- 
setts Institute of Technology, on the trans- 
portation of machines. 

One of the mechanics from the same 
company is giving instruction in sail 
making and splicing, and the company is 
giving valuable assistance to the school 
in many other ways. 


Dayton Wright Expanding 

Official announcement has been made 
that the Dayton Wright Airplane Co. has 
taken over the Moraine City factory of the 
Domestic Engineering Co. for production 
of airplanes for the United States Govern- 
ment. 

An initial order of 500 machines to be 
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THE Two LANDING WIRES AT THE JUNCTION OF THE OUTER STRUT 


F. T. Evans, Capt. W. M. MelIlvain, Lieut. 
Edward Chamberlain and Lieut. W. FE. 
McCaughtry. There are 178 enlisted men 
in the organization, recruited from chauf- 
feurs, engineers and others familiar with 
delicate machinery. 


Spark Plugs for Airplane 

To find an American-made spark plug 
that would satisfactorily take the place 
of the fareign plug heretofore used in the 
airplane engines which they are building 
for the United States and certain allied 
governments the Hall-Scott Motor Car Co. 
of Berkeley, Calif., has just completed a 
series of exhaustive tests. After what it 
terms “the most rigid any Ameri- 
can plug has ever withstood the company 
gave an order for a quantity of Rajah 
Rajite waterproof plugs to Hughson & 
Merton, Coast distributors. In the test 
the Rajah plug was run for fifty hours 
wide open upon one of the Hall-Scott 150- 
h.p. engines. 


tests 


completed by the end of the present year, 
has been received with additional orders 
expected to follow. 

Several hundred acres surrounding the 
factory will be made into an aviation field, 
for testing machines. One new building 
will be constructed at once for assembly 
purposes, 

These industrial undertakings will give 
employment to thousands of men, women 
and children. Twenty minute service will 
be given between Dayton and Moraine 
City for people employed at that place. 


Curtiss School Record 

The Curtiss Aeroplane Co. advise that 
their instructors at the Atlantic Coast 
Aeronautical Station during the past few 
months have flown Army Reserve Corps 
men a total distance of 104,000 miles, 
without any serious accident to the Corps. 
This is a creditable record, speaking vol- 
umes for instructors, machines and for 
the safety of flying. 
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Tue Curtiss AEROPLANE AND Motor CorporaATION, BuFFALo, N. Y. 


Member Aircraft Manufacturers’ Association, Inc. 
America Trans Oceanic Company, 280 Madison Ave., New York City, New York Agents. 
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The Eyes of the Guns 


yee < | HE Great War has shown clearly that 
Se ag 





the observing airplane is not all-sufficient 
for the artillery. 


The needs of the guns must often be served 
by more unwavering eyes. 


The stable and readily available kite balloon 
is an indispensable eye of the guns, and its 
further development is as imperative as the 
perfection of any of the other aerial services. 


Before the new Goodyear Kite Balloon was 
tested and approved, the problems demand- 
ing better solutions were the primary ones 
of material and stability. 


In both, Goodyear has made a decided 


advance. 


Our work for many years on balloons of 
any size and every type has put the former 
on a standardized basis, which simplifies 
specification and makes definite the direc- 
tion of further progress. 


The latter demanded newly directed labor in design 
and ungrudging research in the field—in our own 
country and abroad. 


The result is the new Good year Kite Balloon. 


Even as years of achievement have justified its Good- 
year fabrics, exacting tests have justified its reinforced 
tail cups and the design of every part. 


The Goodyear Tire & Rubber Company, Akron, Ohio 
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The 100 H.P. Cleveland Aero Motor 


AN EFFICIENT AIRCRAFT POWER 
PLANT THAT OFFERS MANY 
DISTINCT ADVANTAGES TO THE 
AEROPLANE CONSTRUCTOR. 


Reliability :: Dependability :: Power 


Write for complete information. 


CLEVELAND AERO MOTOR CO. 


ENGINEERS BUILDING 
CLEVELAND, OHIO 
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J. ROBINSON HALL 


AEROPLANES, MOTORS 
AND EQUIPMENT 


PACIFIC COAST 
REPRESENTATIVE 


FOREIGN AND AMERICAN 
MANUFACTURERS 


C. M. SOMMERVILLE 
SALES MANAGER 


609-611 Merritt Bldg., Los Angeles, California 
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Airplane Parts! 


Immediate Delivery! 


Fortunately, the present Push Rod Tubes made oval and ‘‘D’’ 
crisis finds the Standard Tubing formed per B/P’s shaped tubing for the 
Parts Company ready to and straight tubing in di- Curtiss Airplane Co. 
help you greatly in the ameters ranging from 4%” 


rush demand for airplanes. to 2%”, 14 gauge (.083’’) Let us help you make 
to 22 gauge (.028’’) your estimates. 


We are able to ship im- : ‘ 
Write us for information 


mediately necessary parts Special Rod Assemblies : 
for the construction of air- Rims of all sizes to gov. 2% OME before you submit 
planes the government must ernment specifications your bids for airplane con- 
have in a hurry. Bearings struction. 
You can order from us Tire Rims If you have already made 
at once such parts as: Springs a contract, wire or write us 
Forgings. immediately and take ad- 
Steel Tubing vantage of the instant ser- 
Stabilizer Tubes For years we have _ vice we can render you. 


The factories of this company have been among the foremost in the 
field of motor-driven vehicles since the earliest days of the industry. 
Our engineering department and our laboratories are among the 
most complete in the world. 


The Standard Parts Company, Cleveland, Ohio, U. S. A. 


Famous for Stanweld Rims, Tubing, etc., Perfection Springs, Bock Bearings, 
Axles, Perfection Heaters, Forgings, Hubs, etc., etc. 
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CURTAIN 


Kilns 


OR two years the CUTLER CURTAIN KILNS 
have been successfully used for conditioning spruce, 
by the CURTISS AEROPLANE CO. After an 
exhaustive investigation of all makes, this company has 
adopted the CUTLER as regular equipment for all their 
plants. We produce ideal conditions for seasoning aero- 
plane spruce. Automatically controlled. Used by the 

Aircraft Division of the U. S. Government. Write 

for full details. 








The CUTLER DRY KILN CO., Inc. 


14-64 Churchill St. Buffalo, N. Y. 
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EING engaged in the busi- 
ness of lubrication, the Swan 


& Finch Company has con- 
centrated the effort of its engineer- 
ing department on the problem of 
finding the most efficient and most 
practical oils for aeroplane motors. 


In taking up this work some 
time ago, we found an apparent 
haze of mystery around the whole 
subject of aeroplane lubrication. 
As our investigations and tests 
progressed, we became more and 
more convinced that the problem 
was not complicated. 


Laying aside the doubtful ques- 
tions as to the effect of altitude, 
temperatures at high altitudes and 
other special conditions surround- 
ing aeroplane usage, the question 
resolves itself in its simplest terms 
to this: 


The lubrication of an ex- 
ceptionally fine motor 
operating continuously un- 
der maximum load. 


The very fineness of the mech- 
anism, accuracy of manufacture 


and the fine tolerance of dimen- 
sions, makes the problem simpler 
rather than more complicated. 


Hence, we have produced Aerol 
—not an oil of mystery—but a 
practical quality lubricant based 
on conditions to be met (except 
for rotary motors). 


Aerol is, first of all, a very high 
grade oil, free from impurities. 


Its lubricating values are very 
high, because it is an exceptionally 
good oil, made from a good crude 
to begin with, by a process de- 
veloped through years of knowing 
how. 


The drop in viscosity with the 
increase in heat is (relatively) un- 
usually small. It is made in three 
grades of viscosity to meet the 
requirements of different types of 
motors. 


Aerol is a practical oil because 
it is easily handled, flows easily. 
This feature is of practical utility 
where oil is drained off and cleaned 
out frequently. Also, where ex- 
ternal feed systems are used. 


Aerol is a quality oil—a fine lubricant, but not extravagantly so— 


and a practical lubricant because it meets the requirements of 
practical usage at a reasonable cost. Full details, characteristics 
and tests will be furnished to government officials, aeroplane manu- 
facturers or others interested in the subject of aeroplane motor 


lubrication. 


Technical and Research Department 


SWAN & FINCH 


COMPANY 
163 BROADWAY, NEW YORK 


Quality Oils Since 1853 
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Aluminum Company of America 
PITTSBURGH, PA. 


Manufacturers of Aluminum 


Ingot, Sheet, Tubing, Wire, 
Rod, Rivets, Moulding 


General Sales Office, 2400 Oliver Building, Pittsburgh, Pa. 


Branch Offices: 


ee ee ere 131 State Street 
ee 1500 Westminster Building 
GI 5 end acaes 950 Leader-News Building 
PN ite b ao baeed edna 1512 Ford Building 
Kansas City............308 R. A. Long Building 
Los Angeles........ 494 Pacific Electric Building 
Pierson, Roeding & Co., Agents 
Pe Ta 608s 4-04 ocd weed 120 Broadway 
Philadelphia........ 1216-1218 Widener Building 
Se res 1112 Granite Building 
San Francisco.............. 731 Rialto Building 


Pierson, Roeding & Co., Agents 


Washington. .... .509 Metropolitan Bank Building 


Send inquiries regarding aluminum in any form to nearest 


Branch Office, or to General Sales Office 
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METAL AIRPLANE 
FUSELAGES 


AIRPLANE TUBING 











Especially made to your own 
requirements 





We are at present manu- 
facturing for the larger 
airplane constructors our 


high grade tubing for al- 


most overnight deliveries. 
We are also manufactur- 
ing three distinct types of 
metal fuselages. 

Special inquiries solicited. 


The Empire Art Metal Co., Inc. 


College Point, N. Y. 
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DYNAMIC BALANCE 


for crankshafts, etc. 











Send for pamphlet describing my 
latest Dynamic Balancing Apparatus 


MODEL 1917 


It is just as scientific as was my last 
year’s model (not now made by me), 
although entirely different in principle 
and construction, much cheaper and 


yielding still better results. 





No Agents, Representatives or Licencees ! 





Made and Distributed EXCLUSIVELY by 


N. W. AKIMOFF, Harrison Building, Philadelphia 


(Originator of the Dynamic Balancing Machine still known by his name.) 
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WALDEN-HINNERS COMPANY 


BUILDERS OF AIRCRAFT 








MILITARY AIRPLANES 
SEAPLANES 
FLYING BOATS 


OFFICE AND FACTORY 


EDGEWATER, N. J. | 

















a counterbalanced aviation 
crankshaft.... 


one of the 18 different 

models we are now making 

for 14 aviation motor companies .. . 
reduces vibration and eliminates bearing pressure 


We have shipped 48,324 Counterbalanced Crankshafts to July 14th, 1917 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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> GREAT BRITAIN KNOWS 
, AND THE RESULT IS 
2 11000 
, —— a ; Taace mann 
a Airplane Thermometers 
FOR THE 
BRITISH AIR FLEET. 
‘Uncle Sam” realizes in this as in other matters, that 
EXPERIENCE COUNTS 
and “ Foxboro” Airplane Thermometers and Air Speed Indicators have been ap- 
proved and are being bought for use on United States Government Airplanes, thus tak- 
ing advantage of Great Britain’ss EXPERIENCE in the air and more than 25 years of 
EXPERIENCE in the design and manufacture of measuring instruments which 
stands behind every “ Foxboro” Instrument. 
Investigate and be convinced. 
THE FOXBORO CO., INC., FOXBORO, MASS., U.S.A. 
New Yor« CHICAGO SAN FRANCISCO 
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Aviation Barometers Equipped With a — 
Ca ee, 
\ J T te 
; : Bose 
self-luminous Radium compound of quality eae 
Are proving so useful and so entirely satisfactory that no hag 6 
manufacturer can longer afford to delay investigating the merits Used ie ae U oy te 
of this remarkable new meterial. Correspondence solicited, samples . on . 
furnished and any reasonable demonstration gladly made for makers Having just completed large orders for the Allies we 
of barometers, compasses, sights, clocks and watches. are in better position than ever to take care of our trade 
0 ee AUTO RADIATOR MEG. CORP. 
DENVER, COLORADO 219-225 W. 12th STREET, LOS ANGELES, CAL. 
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WALDEN-HINNERS COMPANY 


BUILDERS OF AIRCRAFT 


MILITARY AIRPLANES 
SEAPLANES 
FLYING BOATS 


OFFICE AND FACTORY 


EDGEWATER, N. J. 






















a counterbalanced aviation 
crankshaft.... 


one of the 18 different 

models we are now making 

for 14 aviation motor companies .. . 
reduces vibration and eliminates bearing pressure 


We have shipped 48,324 Counterbalanced Crankshafts to July 14th, 1917 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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GREAT BRITAIN KNOWS 
AND THE RESULT IS 


11000 
FOXBORO 


TRace MAAK 





Airplane Thermometers 
FOR THE 


BRITISH AIR FLEET. 
“Uncle Sam” realizes in this as in other matters, that 


EXPERIENCE COUNTS 


and ‘“ Foxboro” Airplane Thermometers and Air Speed Indicators have been ap- 
proved and are being bought for use on United States Government Airplanes, thus tak- 
ing advantage of Great Britain's EXPERIENCE in the air and more than 25 years of 
EXPERIENCE in the design and manufacture of measuring instruments which 
stands behind every “ Foxboro” Instrument. 








Investigate and be convinced. 


THE FOXBORO CO., INC., FOXBORO, MASS., U.S.A. 


New Yorxk CHICAGO SAN FRANCISCO 
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Aviation Barometers Equipped With 


MARVELITE 


self-luminous Radium compound of quality 


Are proving so useful and so entirely satisfactory that no 
manufacturer can longer afford to delay investigating the merits 
of this remarkable new meterial. Correspondence solicited, samples 





“ Flexo ” Front Type 
Used by the U. 8S. Government. 





furnished and any reasonable demonstration gladly made for makers Having just completed large orders for the Allies we 
of barometers, compasses, sights, clocks and watches. are in better position than ever to take care of our trade 

COLD LIGHT MFG. COMPANY AUTO RADIATOR MFG. CORP. 
DENVER, COLORADO 219-225 W. 12th STREET, LOS ANGELES, CAL. 
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In Every Branch of 
Military Service 


—Engineering Corps, Aviation Section, Quar- 
termaster Corps, and general Patrol, Scout, and 
Dispatch servic i 


Sudian Motocycle 
‘With Powerplus Motor 


Greatest strength, endurance, speed, power, and 
all-round dependability. 





We will be pleased to arrange demonstrations of 
all 1917 Indian models for interested military 
officials. 


Illustrated 1917 Indian Catalog and other 
descriptive literature sent anywhere on request 


HENDEE MANUFACTURING COMPANY 


(Largest Motorcycle Manufacturers in the World) 
859 STATE ST. SPRINGFIELD, MASSACHUSETTS 























Siurfevani 


(REG. U.S. PAT. OFF.) 


Aeroplane Company 


Jamaica Plain Boston 


Member Aircraft Manufacturer’s Association 














AIRPLANE 
RIMS and WHEELS 





Rims furnished punched for 
spokes and valve, ready to be built 
into wheels. 


Wheels supplied less tires,— 
complete with all parts. Made to 
our own design or from manufac- 
turer’s Blue Prints. 


Manufactured by the oldest and 
best known steel rim and wire 
wheel makers in America. 


Careful experienced workmen 
and best grade of materials. 


Quotations gladly submitted. 


The MOTT WHEEL WORKS 
Utica, N. Y. 














Heavy Elastic Aviation Cord 


We manufacture a full and complete 
line of heavy elastic aviation cord. 
We are the originators and the 
largest manufacturers in the world 
of heavy elastic cord. 














Standard H-3 equipped with our cord 


J. W. WOOD ELASTIC WEB CO. 
STOUGHTON, MASS. 
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Wittemann-Lewis Model T-T, 90 h. Pp. 


WITTEMANN - LEWIS 
AIRCRAFT COMPANY 


NEWARKH, N. J. 
Main Office and Factory: 


Lincoln Highway, near 
Passaic River 


Telephone, Market 9096 








“THE TANDEM BIPLANE” 








INHERENT LONGI- 
TUDINAL STABILITY 








Richardson Aeroplane Corporation, Inc. 


New Orleans, La. 








ELJ-5 


Officers of the Heavier-than-air 
Services of the United States 
and their Allies are invited to 
inspect the 


Janney 
Aircraft Company’s 


New Model 
Training Tractor 
Biplane ELJ-5 


With Hall-Scott A-5 Six Cylinder Engine 


Detailed Description 
upon request 


MONROE, MICH. 








JANNEY AIRCRAFT CO. 

















With the manufacturing facilities of three 
large factories in New York, Tennessee and 
New Jersey we are in a position to execute 
with despatch orders for the LANZIUS 
CHANGEABLE ANGLE OF INCIDENCE 
AIRPLANE in any type for land or water, 
or for Standard and Special Design Aircraft, 
either wood or steel construction. We furnish 
with our standard equipment Duesenberg 
Motors, recognized as one of the most. power- 
ful and efficient Aeronautical Motors on the 
market. 


LANZIUS AIRCRAFT COMPANY 


Executive Offices 
608-609-610 Singer Building, 149 Broadway, New York 
Telephones 6710-6711 Cortlandt 
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WESTMORE 
PROPELLER 


will not warp or split 





Built for high power motors 
Water proof and heat proof 


Quantity Production 


WRITE FOR INFORMATION 
Address AIRCRAFT DEPARTMENT 


SCHWEIZER & WEST MFG. CO. 
308-324 N. Ada St., Chicago 


Cable address “SWESCO”" 


Cabinet makers with over thirty years’ 
successful business tehind them 














GRAND RAPIDS 
LUMBER TESTER 





KNOW the MOISTURE CONTENT of your 
LUMBER 


DIRECT READING—NO COMPUTATION—NO GUESSWORK 
All air-dried lumber for AIRPLANES should be tested to 
insure uniformity. 


Lumber should contain from 5 to 10 per cent: moisture for 
manufacturing purposes, according to kind of work. 


Lumber containing less will absorb moisture from the air 
and expand. 


Lumber containing more will expel the surplus and shrink. 
pentasatine time required for drying by testing before loading 
iln. 

Determine if lumber is dry by testing before ‘‘pulling’’ kiln. 


The Grand Rapids Lumber Tester is based on ‘‘bone dry’”’ or 
constant weight and is scientifically correct, according to the 
standards of the U. S. Forest Laboratory at Madison, Wisconsin. 


GRAND RAPIDS VAPOR KILN 


Manufactured by GRAND RAPIDS VENEER WORKS 
Grand Rapids, Mich. Seattle, Wash. 


ovennnanens ooneenensesnenseneaey 


AVIATION 


July 15, 191 








~ 
‘ 









































Te a 










SOOO ees oe sSeeee sere tesereseee 


SOSH SESEFE SHEMET EHO OB EEGs 


HE advan- 
tages gained 
from design- 
ing and manufac- 


turing successful 
racing motors of wide 
renown, are strongly re- 
flected in the excellence of 
Wisconsin Aviation Motors. 





Chrome Vanadium Steel, double heat treated, is used 
throughout. Chemical analyses, physical tests and rigid in 
spections make sure that each motor maintains the high 
Wisconsin standard. 


ZSCOMMS. 


iviation motors are built in six- and twelve-cylinder sizes. 
Write for specifications 
WISCONSIN MOTOR 
Station A, Dept. 338, 
New York Franch: 21 Park Row. 


MFG. COMPANY 
Milwaukee, Wisconsin, U. S. A. 
T. M..Fenner, Factory Representative 
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Size 
Reduced 


Aviation Barometer 


Made in United States. 
Movement compensated to overcome changes in temperature. 
Dial revolves so zero of altitude can be set at the hand at 
start of flight without showing error, as scale is equally 
divided. : 
Supplied to U. S. Navy, U. S. Signal Corps, leading manu- 
facturers and to different Foreign Governments. 
In material, workmanship, pride of manufacture, no effort 
is lost, no expense spared to make this Barometer worthy 
of the Tycos Reputation. 
Let us submit information on this Barometer as well as on 
Inclinometers and Pocket Altitude Barometer—the purchasing 
we leave to your discerning judgment. 


Taylor /nstrument Companies 
Rochester, N. Y. U. S.A. 


For sixty years makers of scientific instruments of superiority 
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ACIERAL METAL 


Light as Aluminum — Strong as Steel 


Non-corrosive by salt water 


CASTINGS RODS SHEETS 


Prompt Deliveries 


ACIERAL CO. OF AMERICA 


Main Office: Plant: 
26 Cortlandt Street 20 Orange Street 
NEW YORK CITY NEWARK, N. J. 











A POPULAR PRICE LAND OR WATER PLANE 
TWO - 




















ALUMINUM 


> We Mane Screw Hea Nats Ano Rivets For Every Purrose. 
EYELETS, HOOKS, GROMMETS ano WASHERS ror SHOES, 












70 FRANKLIN AVENUE 70 © secter Tents, corseTs,ceccins, MaiL eacs. BROOKLYN, NEW-YORK 











The Perfect Starter! fo cuminare 


Tested and Approved by United States, British, r 
Dutch, Norwegian and Swedish Governments INS rRUMENT DIALS 
‘ Pie : . WITH “LUMA’’—-BEST LUMINESCENCE 
\ device convertible to an air motor for starting, 








or an air compressor for storing in a suitable Permanently Visible in 
tank the air for its own energy. Entirely self- the Dark 
contained and couples direct to crankshaft of 
engine without gear reduction or any adaptation , 

S ia: Specify “LUMA DIALS” to 


other than a suitable coupling. 


__For starting __For starting 
Model C engines up Write for Model D engines up 
to 150 H.P. Weight 34 


Your Instrument Maker 








~” 250 H.P. Weight 39 com ple fe 
s.—complete with fit- ‘* * Ibs.—complete with fit- M MI 
tings for single engine 70 information tings for single engine 58 RADIU DIAL co PANY 


Forbes & Meyran Aves., Pittsburgh, Pa, 


Ibs. ;twin engines 110 Ibs. Ibs.; twin engines 96 lbs. 




















The Motor-Compressor Co., Newark, N. J., U.S.A. a 











592 


AVIATION July 15, 1917 





AIRPLANE CRANKSHAFTS 


With a Perfect Record 
WYMAN-GORDON COMPANY 








Every precaution known to science 
gh ere pane Nae ame WORCESTER, MASS., U. S. A. 
in our factory methods. ESTABLISHED 1883 








McADAMITE-ALUMINUM COMPANY 


pATENTED, 57-83 Isabella Ave. DETROIT, MICH. 


Highest-Grade—Strongest 


ALUMINUM CASTINGS 





Tensile strength....... 44,250 Ibs. Sq. In 

Compression .......... 126,000 “ wee LARGE CAPACITY 
occ cicactan ae PLANT 

Dt Mists. a -*- -™ P aol 

Fusing Point.......... 1040 Degrees F Quick Deliveries Guaranteed 








OUR SPRUCE LOGS 


Are perhaps the best on the Pacific 
Coast. Our facilities for supplying 
Air-plane Spruce are unsurpassed. 


A. C. DUTTON LUMBER CORPORATION 





Mills General Sales Department Wharves, Warehouses 
SOUTH BEND, WASH. SPRINGFIELD, MASS. and Storage Yards 
TACOMA, WASH. POUGHKEEPSIE, N. Y. 











ORDNANCE ENGINEERING CORPORATION 


NEW YORK OFFICE LONDON OFFICE 
120 Broadway, Equitable Building 19 Queen Anne Chambers, Westminster, S. W. 
Government Contractors - Consulting Engineers 


Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 


Designers and Builders of Military and Naval 
AIRCRAFT 




















, 1947 
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Oe , 


a DONT My 


WHERE LARGE PRODUCTION 
CONVERGES WITH THE MOST 
RIGID STANDARDS OF 
QUALITY AND EFFICIENCY 











q Du Pont facilities and capacity can be de- 
pended upon to keep pace with the increased 
demands of the airplane industry. 


@ Du Pont technical skill and experience will 
insure strict maintenance of the quality that has 


made DU PONT DOPE the standard for airplane 


surfaces. 


Du Pont Chemical Works 


E. I. du Pont de Nemours & Co., Owner 
120 Broadway New York 








Radium Luminous 
Material 


SHINES IN THE DARK 


SELF-LUMINOUS INNUMERABLE USES 
REQUIRES NO IN ITS ORIGINAL 
MAINTENANCE OVER POWDERED FORM 
A PERIOD OF OR APPLIED WITH 
YEARS ADHESIVE 


A SAFETY DEVICE FOR WAR 
ON 


MACHINE GUN, PISTOL AND _ RIFLE 
SIGHTS; RANGE SCALES; AUTOMATIC 
TELEPHONES; WIRELESS APPARATUS; 
NAVIGATING INSTRUMENTS OF ALL FLY- 
ING AND SAILING CRAFT; DECK CLOCKS; 
WRIST, STOP AND POCKET WATCHES; 
SIGNALS; PLOTTING BOARDS; ETC. 


Radium Luminous Material Corporation 
FIFTY 


FIVE jo) mace 
LIBERTY Ra. ree 
STREET sare 

















Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 











ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 

They possess every feature and qualifi- 
cation necessary for a high grade 
product. 


STRONG 
EFFICIENT 
DURABLE 


Used on the best American flying machines. 


Our engineering department is at your 
service. 


Rome - Turney Radiator Company 
Rome, N. Y., U. S. A. 
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AIRPLANE CRANKSHAFTS 


With a Perfect Record 
WYMAN-GORDON COMPANY 














Every precaution known to science 
seatianniienietidioend WORCESTER, MASS., U. S. A. 
in our factory methods. ESTABLISHED 1883 








McADAMITE-ALUMINUM COMPANY 


57-83 Isabella Ave. DETROIT, MICH. 


Highest-Grade—Strongest 


ALUMINUM CASTINGS 








Tensile strength..... 44,250 lbs. Sq. In ». 
Compression .......... 126,000 “ car LARGE CAPACITY 
DEES cocccancsse ee - COU C PLANT 

DEE t6cskstctauceee | | (UUM , oe : 

Fusing Point.......... 1040 Degrees F Quick Deliveries Guaranteed 








OUR SPRUCE LOGS 


Are perhaps the best on the Pacific 
Coast. Our facilities for supplying 
Air-plane Spruce are unsurpassed. 


A. C. DUTTON LUMBER CORPORATION 





Mills General Sales Department Wharves, Warehouses 
SOUTH BEND, WASH. SPRINGFIELD, MASS. and Storage Yards 
TACOMA, WASH. POUGHKEEPSIE, N. Y. 








ORDNANCE ENGINEERING CORPORATION 


NEW YORK OFFICE LONDON OFFICE 
120 Broadway, Equitable Building 19 Queen Anne Chambers, Westminster, S. W. 
Government Contractors 3 Consulting Engineers 


Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 


Designers and Builders of Military and Naval 
AIRCRAFT 
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q Du Pont facilities and capacity can be de- 
pended upon to keep pace with the increased 
demands of the airplane industry. 


q Du Pont technical skill and experience will 
insure strict maintenance of the quality that has 


made DU PONT DOPE the standard for airplane 


surfaces. 


Du Pont Chemical Works 


E. I. du Pont de Nemours & Co., Owner 
120 Broadway New York 











Radium Luminous 
Material 


SHINES IN THE DARK 


INNUMERABLE USES 
IN ITS ORIGINAL 
POWDERED FORM 
OR APPLIED WITH 

ADHESIVE 


SELF-LUMINOUS 
REQUIRES NO 
MAINTENANCE OVER 
A PERIOD OF 
YEARS 


A SAFETY DEVICE FOR WAR 
ON 


MACHINE GUN, PISTOL AND RIFLE 
SIGHTS; RANGE SCALES; AUTOMATIC 
TELEPHONES; WIRELESS APPARATUS; 
NAVIGATING INSTRUMENTS OF ALL FLY- 
ING AND SAILING CRAFT; DECK CLOCKS; 
WRIST, STOP AND POCKET WATCHES; 
SIGNALS; PLOTTING BOARDS; ETC. 


Radium Luminous Material Corporation 
FIFTY 


FIVE wid 
LIBERTY F ree 
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Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO., 34 Commerce St., N.Y. 











ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 


They possess every feature and qualifi- 
cation necessary for a high grade 
product. 


STRONG 
EFFICIENT 
DURABLE 


Used on the best American flying machines. 


Our engineering department is at your 


service. 


Rome - Turney Radiator Company 
Rome, N. Y., U. S. A. 
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B “Trin. 


AJAX 
Auto and Aero 
Sheet Metal Co. 


Manufacturers 
and designers 


AERO 
RADIATORS 
INTAKE 


and 


EXHAUST PIPES 


LINDER & MEYER 
245 W. 55th St. 
New York 











Factors of Safety 


These Count in Aeroplane Construction 





NON-INFLAMMABLE 


Cellulose Acetate Base 


belestron Cloth Varnishes 


provide another SAFETY FACTOR 





NON-INFLAMMABLE 


GEleSITON SHeELS «° Fllms 


Transparent — Waterproof 
MANUFACTURED BY 


Chemical Products Company 
93 Broad Street Boston, U.S. A. 


Manufacturers of Cellulose Acetate for nearly 15 years 











Fowler Airplane 


Corporation 








Office and Factory 
128-130 Twelfth Street 


San Francisco, Cal. 














Erie Specialty Co. 


Main Plant 
Erie, Pa. 


Executive Offices: 25 Pine St., New York 
Manufacturers 
AIRCRAFT METAL PARTS, 
BOLTS, NUTS, CLEVIS PINS, 
SHACKLES, EYE BOLTS, MA- 
CHINE SCREWS, ETC., ETC. 


Fittings, Forgings, 
Castings 


We are increasing our equipment in 
every department—foundry, forge 
shop, stamping, automatic screw 
machines, tool and die shop. 


All our products are rigidly in- 
spected and meet all Government 
requirements. 


Are you on our catalog mailing list? 





July 15, 1917 
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a“ 
TURNBUCKLES 


of the 


Highest Quality 


Bolts and Nuts 


to Satisfy the Most 
Exacting Requirements 


Standard Screw Co. 


(of Pennsylvania) 


CORRY, PA. 
New York Office: Woolworth Building 








Longren Airplane Co. 


TOPEKA, KANSAS 


Designers and Constructors of 


Military Airplanes 
SPEED SCOUTS 


built on order 


TRAINING MACHINE 
READY FOR DELIVERY 

















C. A. Herrmann 


DESIGN AND CONSTRUCTION 


Covering All Branches of Aviation 


Bath, N. Y. 











WOOD WORKING MACHINERY 


SPECIALLY ADAPTED 


FOR 


Aeroplane Factories 








Write for information catalogue No. 97 


OLNEY & WARRIN 


406-412 Broome Street 


Tel. Spring 4425 NEW YORK, N. Y. 














METAL HOSE 


For every Airplane Requirement 





Write for specifications and prices 





PENNSYLVANIA FLEXIBLE METALLIC 
TUBING COMPANY 
Broad and Race Sts., Philadelphia 
New York Boston Chicago Detroit Cleveland 


























» For Your Flying 
< Boats Use 





(aa 
———- 


All the prominent builders 
of flying boats use this glue in 
combination with linen between 
\{ the veneer of the diagonal 
‘4 planking on all their flying 
pony pontoons and floats. It 








' ot only waterproof and elas- 
‘ tie bu ¢ will waterproof and pre- 
bid serve the linen indefinitely. 
‘i Experience hasshown that when 
Wi this glue is used, owing to its 
| elasticity, the inside layer of 
“i diagonal planking will remain 
Mi] perfectly water tight although 
§ _ —_ side layer may be badly 
roken 


) L. W. Ferdinand & Co. 
152 Kneeland Street 
Boston, Mass., U.S. A. 
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PUNCH PRESS WORK Vellumoid Gaskets 
AND STAMPINGS Oil Proof—Gasoline Proof—W ater 


Specializing particularly in Aero- Proof 
plane work where accurate work- 


er Tough—Compressible—Flexible 
manship is absolutely necessary. 


If you are not familiar with Vellu- 
Also—Aeroplane Machine Work. moid have us send you samples— 
either sheet or gaskets, cut as per your 


CENTURY TELEPHONE blue prints. 
CONSTR UCTION COM PANY Expert Gasket Cutting department. Quick service 


BUFFALO. N. Y. Fibre Finishing Co., 27 State St., Boston 


Special Sheet Metal Work || PONTOONS 
and 


Airplanes 
FLYING BOAT HULLS 
Precise Work Executed 


from Blue Prints or Built from your designs 
or from ours 














specifications ita 
The Auto-Aero Sheet Metal Works Palmer-Simpson Corp. 
45 High Street, New Haven, Conn. Saranac Lake, N. Y. 

















Aeroplane Cylinder Forgings 


We make a specialty of hollow forging in dies 
under our hydraulic presses, aeroplane cylinder forg- 
ings of high and low carbon O.H. or alloy steels. 


We have furnished cylinder forgings to practically 
all the engine builders in the United States. 


Also Propeller Hubs, Flanges and Shafts, etc. 


Miscellaneous steam hammer and hy- 
draulic press die forgings of all types. 





AIR-SCREWS 
PROVEN PROFICIENCY 





Detailed information upon request 


BUFFALO AEROPLANE CORP. 
BUFFALO, N. Y. U.S. A. 


pl Cable Address, ‘“‘BUFFAIRO”  . 
Type “BI Type B2 


DAVENPORT ; ° 


Special inducements to students who Governments in their air services; also 


wish mechanical instruction and actual by the large airplane manufacturers 
experience in our airplane factory. . - 


Quick service our specialty 


TIOGA STEEL & IRON COMPANY 
52nd & Grays Avenue Philadelphia, Pa., U. S. A. 

















; ay : Samples and Specifications 
Field training under Chief Instructor oan on aueaion 


LOUIS BODER. 


Robert McBratney & Company 


Write today for booklet Linen Manufacturers and Importers 


School and Factory at Davenport, Iowa. 121-123 Franklin Street, New York 
and at Belfast, Ireland 
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LEYGRAND & CO. 


120 Broadway, New York 








ALUMINUM SHEETS 


All Sizes and Dimensions 

















DON’T SCRAP ALUMINUM PARTS 


| SO-LUMINUM 


repairs cracks, breaks or other de 
fects in aluminum, in half the time 
at half the cost of acetylene weld- 
ing. Parts mended with this com- 
pound are stronger at welded joint 
than elsewhere. Gasoline torch 
only thing necessary. No flux 
needed. 

Doesn't take the strength out of 
metals, make them brittle, nor 
cause alloy castings to warp or fail 
to line up. Used by U. 8S. Army 
and Navy, leading airplane manu- 
facturers, etc. 

Send 50 cents for trial bar. $3.00 pound. 
Money refunded if not satisfactory. 
Booklet on request. 


SO-LUMINUM MFG. & ENG. CO., Inc 
Room 25 1790 sroadway New York City 


































The Beam Airplane Company 


(INCORPORATED) 


Announce that they are in a position to accept a 
few students in their Aviation School. 


CURTISS and EUROPEAN MOTORS 
TRACTOR and PUSHER MACHINES 
CONSTRUCTION EXPERIENCE 

FEES and LIVING EXPENSES REASONABLE 
NO CHARGE FOR BREAKAGE 


Correspondence Invited 


THE BEAM AIRPLANE COMPANY 


CELINA OHIO 









All recognized builders 
of airplane motors in 
America use Zenith on 
their product. 


Zenith Carburetor 
Company 


New York DETROIT Chicago 





MOTOMETER 
MOTOR HEAT 
INDICATOR 


AN ESSENTIAL SAFETY 
DEVICE FOR 


AIRPLANES 
FOREWARNS OVERHEATING 


THE MOTO-METER CO.) Inc. 








15 Wilbur Ave. 
Long Island City 
New York 

















Classified Advertising 


10 cents a word, minimum charge $2.00, payable in advance. 3 
AVIATION AND AERONAUTICAL ENGINEERING, 120 West 32d Street, New York. 


Address replies to advertisements with box numbers, care of 








FOR SALE—Wright H-S, practically new. Flown but eight 
hours; just completely overhauled. Ailerons, dual “ Dep,” 
cables all over. Good for school exhibitions, passenger carrying 
or sport. Will demonstrate. I. G. Semeniouk, Signal Corps 
Aviation School, San Diego, Cal. 





FOR SALE—Three airplanes, complete without engines. 
W. M. Calkins & Co., Suite 1301, No. 90 West Street, New York 
City. 








FOR SALE—A Gyro motored tractor biplane suitable for 
School or exhibition work. Carl Miller, 1211 E. Franklin Ave., 
Lansing, Mich. 


FOR SALE—Martin Curtiss type “Pusher” Airplane. 
Equipped with Curtiss Model “O” Motor. Has been slightly 
used for schooling. In first class condition. Just the machine 
for the man who wants to learn to fly. “ Be prepared.” Price 
$1,400 fob Los Angeles. For further particulars communicate 
with Wright-Martin Aircraft Corporation, 334: Fourth Avenue, 
New York City. 

FIRST CLASS Aeronautical Designing Engineer, nine years’ 
experience designing, constructing and flying; now with large 
aircraft corporation wishes change. Address Box 51. 


FOR SALE—60 H. P. Elbredge airplane engine. Guaranteed 
good as new. Noah Smith, San Angelo, Texas. 
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Aeronautical Trade Directory 


AVIATION AND AERONAUTICAL ENGINEERING will furnish information and addresses of all companies listed below. 
Advertisers in this issue are printed in heavy face type. 





Names of 








ACETYLENE WELDING AND 
CUTTING 


Davis-Bournonville Co. 
Searchlight Co. 


ACCESSORIES AND INSTRU- 
MENTS 


DuVivier, Earnest J. 
Moto-Meter, The, Co. 

Sperry Gyroscope Co. 
Standard Aeronautical Co. 
Taylor Instrument Companies 


AIRPLANES 

Aeromarine Sales and Engineering 
Corp. 

Bates Aeroplane Co. 

Benoist Aeroplane Co. 

Burgess Co., The 

Carter Bros. Aeroplane Co. 

Curtiss Aeroplane and Motor Corp. 

Dayton Wright Airplane Co. 

Flint Aireraft Co. 

Fowler Airplane Corp. 

Gallaudet Aircraft Corp. 

Heinrich, The A. S. Corp. 

Herrmann, Chas. A. 

Janney Aircraft Co. 

L. W. F. Engineering Co. 

Lanzius Aircraft Co. 

Lawrence-Lewis Aeroplane Co. 

Lawson Aircraft Co. 

Longren Airplane Co. 

Pacific Aero Products Co. 

Ordnance Eng. Co. 

Richardson Aeroplane Corp., Inc. 

Rogers Construction Co. 

Rumsey Aeroplane Co. 

Smith, Kyle, Aircraft Co. 

Standard Aero Corporation. 

Sturtevant Aeroplane Co. 

Thomas-Morse Aircraft Corp. 

Walden-Hinners Co. 

Williams Aeroplane Co. 

Wittemann-Lewis Aircraft Co. 

Wright-Martin Aircraft Corp. 


AIRPLANE ENGINES 
Aeromarine Plane and Motor Co. 
Bournonville Motors Corp. 
Cleveland Aero Motor Co. 
Curtiss Aeroplane and Motor Corp. 
Duesenberg Motors Corp. 
General Ordnance Co. 

General Vehicle Co. 

Gyro Motor Co. 

Hali-Scott Meter Car Co. 
Harriman Aircraft Motors Co., Inc. 
Knox Motors Co. 

Maximotor Co. 

Miller, Harry A., Mfg. Co. 

Orlo Motor Co. 

Packard Motor Co. 

Roberts Motor Mfg. Co. 

Sterling Engine Co. 

Sturtevant, B. F., Co. 
Thomas-Morse Aircraft Corp. 
Union Gas Engine Co. 

Wisconsin Motor Mfg. Co. 
World’s Motor Co. 

Wright-Martin Aircraft Corp. 


AIRPLANE PARTS 

Erie Specialty Co. 

Leveet, Walker M. Co. 

Pressed & Welded Steel Products 
Co, 

togers Construction Co 


ALUMINUM 
Acieral Co. of America 
Aluminum Castings Co 
Aluminum Co. of America 
American Metal Co., Ltd. 
Leygrand & Co. 
McAdamite-Aleminum Co, 
Co-Luminum Mfg. & Eng. Co. 
(Solder) 


AVIATION SCHOOLS 
America Trans Oceanic Co., The 
Beam School of Aviation 
Curtiss Training Schools 
Davenport Aviation School 
Dodge School of Aviation 
Flint Aireraft Cx 

Hall Flying School 

Stinson School of Aviation 
Thomas-Morse Aircraft Corp. 
Williams Aviation School 


BALL BEARINGS 
Hess-Bright Mfg. Co. 
New Departure Mfg. Co. 
Norma Company of America. 
S. K. F. Ball Bearings 

U. S. Ball Bearing Mfg. Co. 





BALLOONS 
BLES 
Connecticut Aircraft Co. 
Custer Specialty Co. (Statoscope) 
French-American Balloon Co. 
Goodyear Tire and Rubber Co. 
Knabenshue Aircraft Corp. 
United States Rubber Co. 


BAROGRAPHS AND 
ROMETERS 


Green, Henry J. 

Ilaustetter, A. 

Sussfield & Lorch 

Taylor Instrument Companies 


BATTERIES 


Electric Storage Battery Co. 


BEARING METALS 
American Bronze Co. 
Fahrig Metal Co. 
Levett, Walker M. Co. 


CARBURETORS 


Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler and Schebler 
Zenith Carburetor Co. 


CLOCKS AND WATCHES 
Ingersoll, Robt. H., and Bro. 
Chelsea Clock Co. 

Depollier, J., & Son 

Waltham Watch Co. 


CLOTHING 


Abercrombie & Fitch 
Rogers, Peet & Co. 
Sanders Co 

Spalding, A. G., & Bros. 
COMPASSES 


Sperry Gyroscope Co. 
Taylor Instrument Companies 


DOPE AND VARNISH 
Adams & Elting Co. 
American Emaillite Co. 
Chemical Products Co. 
Conover, The C. E., Co 
DuPont Chemical Works 
Flexible Compound Co. 
National Aeroplane Co. 
Pratt & Lambert 
Standard Varnish Works 
Valentine & Co. 

Weeks & Co. 


DRIFT INDICATOR 


Sperry Gyroscope Co. 


DRY KILNS 
Cutler Dry Kiln Co. 
Grand Rapids Veneer Works 


DYNAMOMETER 


Sprague Electric Works 


ENGINE PARTS 
Allegheny Forging Co. 
Burd High Compression Ring Co 
Doehler Die Casting Co. 
Erie Specialty Co. 

Fibre Finishing Co. 
Gifford, Leland Co. 

Gill, P. H., & Sons 
Hydraulic Pressed Steel Co. 
Levett, Walker M., Co. 
Park Drop Forge Co. 
Standard Parts Co. 
Taft-Pierce Mfg. Co 

Tioga Steel & Iron Co. 
Williams. J. H., & Co 
Wyman-Gordon Co. 


AND DIRIGI- 


BA- 


FABRICS 
Courtrai Mfg. Co. 
Kursheedt Mfg. ¢ 


Lamb, Finlay & Co 
MecBratney, Robt. & Co. 
Scott, Hutchison Co 
Whitman, Clarence & Co. 


FIRE EXTINGUISHERS 
Fyr-Fyter Co., The 
Jobns-Manville Co., H. W. 
Pyrene Mfg. Co. 
GASKETS 

Fibre Finishing Co. 
GLUE 

Ferdinand, L. W., & Co. 
Baeder & Adamson, 
GAGES 

Crosby Steam Gage & Valve Co. 
Foxboro Co., The, Inc. 
United States Gage Co 






HANGARS 

American Bridge Co. 

Anchor Corrugating Constr. Co. 
Ashley Steel Bldg. Co. 

Howell, Field & Goddard, Inc. 
Keasby & Mattison 

Milliken Bros. 

Virginia Bridge & Iron Co. 
LIFE PRESERVERS 


Universal Safety Mattress Co. 


LUMBER 

Alcock Co., John L 
American Balsa Corp. 
Chetham Lumber Co. 
Delatour, J. 

Dutton, A. C. Lbr. Corp. 
Ludlow, Israel 

Mengel, C. C., & Bros. Co. 


LUMINOUS COMPOUND 
Cold Light Mfg. Co. 

Kadium Dial Co. 

Radium Luminous Material Corp. 
MACHINERY 

Olney Warren 

Warner & Swazey. 


MANIFOLDS 


Ajax Auto & Aero Sheet Metal Co. 


MAGNETOS 

Bosch Magneto Co. 
Berkshire Magneto Corp. 
Ericsson Mfg. Co. 

Remy Electric Co 
Splitdorf Electrical Co 
METALS 

American Vanadium Co. 
Bethlehem Steel Co. 
Detroit Pressed Steel Co. 
Federal Pressed Steel Co. 
Garland Ventilator Co. 
Gueder, Paeschke & Frey Co. 
Levett, Walker M. Co. 


MODEL AIRPLANES 


Ideal Aeroplane Supply Co. 
Wading River Mfg. Co. 


MOTORCYCLES 


Excelsior Motor Mfg. Supply Co. 


Harley-Davison Co. 

Hendee Mfg. Co. 

Henderson Motorcycle Co. 
OILS AND LUBRICANTS 
Baker Castor Oll Co. 
Graphite Lubricant Co. 

Gulf Refining Co. 

Sheppard Ideal Oil Co. 
Standard Oil Co. 

Swan & Finch 

Yexas Co, 

Vacuum Oil Co. 

OIL PUMPS 

Wayne Oil Tank & Pump Co. 
ORDNANCE 
Driggs-Seabury Ordnance Corp. 
General Ordnance Co. 

Maxim Silencer Co. 

Savage Arms Co. 

PACKING 

Fibre Finishing Co. 
PHOTOGRAPHY 

Brock, Arthur, Jr. 

Herbert & Huesgen Co 
PISTONS 

Levett, Walker M., Co. 
PONTOONS 

Niagara Boat Co 
Palmer-Simpson Corp. 
Welen Marine Equipment Co 
PROPELLERS 

American Propeller & Mfg. Co. 
Aviauto Mfg. Co. 

Buffalo Aeroplane Corp. 

Cc. M. O. Physical Laboratory 
Excelsior Propeller Co 
Schweizer & West Mfg. Co. 
PYROMETERS 

Foxboro Co., The, Ine. 

Shore Instrument & Mfg. Co. 
Taylor Instrument Companies 
RADIATORS 

Auto Radiator Mfg. Corp. 


Ajax Auto & Aero Sheet Metal Co. 


A-Z Co. 

Bush Mfg. Co. 

El Arco Radiators Co. 
Livingston Radiator Co. 





Radiator & Mfg. 


Rome-Turney 


o. 
The English & Mersick Co. 
RIVETS 


Stimpson, Edwin B. Co. 


SCELEROSCOPE 


Shore Instrument & Mfg. Ce. 


SEA SLEDS 

Murray & Tregurtha 
SHOCK ABSORBERS 
Wood, J. W. Elastic Web Co. 
SPARK PLUGS 

Champion Ignition Co. 
Johns-Manville Co., H. W. 
Pyro Ignition Co. 

Rajah Auto Supply Co. 
Splitdorf Electrical Co. 


SPEED INDICATORS 

Foxboro Co., The, Inc. 

Johns-Manville Co., H. W. 

Stewart Warner Speedometer 
Corp. 

STABILIZERS 

Greene Aeronautical Co. 

Martin Arodynamic Stabilizer. 

Sperry Gyroscope Cv. 


STARTERS 

Bijur Motor Lighting Co. 

Christensen, The, Engineering Co. 

Dayton Engineering Laboratories 
Cc 


o. 
Motor Compressor Co. 
Northeast Electric Co. 
Wagner-Hoyt Electric Co. 


TACHOMETERS 
Johns-Manville Co., H. W. 
Nelson Blower & Furnace Co. 
Queen-Gray Co. 

Stewart Warner Speedometer Corp 
Veeder Mfg. Co. 


TANKS 


Janney, Steinmetz & Co. 


TELEPHONES 

General Accoustic Co. (Aviaphone) 
Streator Electric Co. 
Telautograph Corp. 

Western Electric Co. 


THERMOMETERS 
Foxboro Co., The, Ine. 
Taylor Instrument Companies 


TIRES AND RUBBER 
Geodyear Tire & Rubber Oo. 
Hodgman Rubber Co. 
United States Rubber Co. 


TOOLS ° 
Browne & Sharpe 
Hall-Scott Motor Car Co. 


TRUCKS AND TRAILERS 
Federal Motor Truck Co, 

Four Wheel Drive Auto Co. 
Nash Motors Co. 

Packard Motor Car Co. 

Sechler & Co., The 

Service Motor Truck Co. 

White Co. 


TUBING 

Empire Art Metal Co. 

Frasse, Peter A., & Co. 

Pennsylvania Flexible 
Tubing Co. 


TURNBUCKLES 


Aero Mfg. & Accessories Co 

Ajax Iron Works 

Cc. BE. Aeroplane Works 

Dillner-Meyer Mfg. Co. 

Erie Specialty Co. 

National Aeroplane Co. 

New York & Hagerstown Metal 
Stamping Co. 

Standard Screw Co. 


WHEELS 
Ackerman Wheel Co, 
Mott Wheel Works 


WIRE 

American Steel and Wire Co 

Century Telephone Construction 
Co, 

Electric Cable Co. 

Roebling’s, John A., Sons 

Simplex Wire and Cable Co. 


WIRELESS 
American Radio & Research Corp 


American Wireless Tel. Co. 
Cutting & Washington. 
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Fe ATENSIVE plant additions of 
strictly fire-proof construction 
. offer every facility for the manufacture 
of airplanes, including the rolling of 
special steel for clips, and the drawing 


of stream line wire. 
RS 








Contractors to U. S. Army and Navy | 


tallic 





- THOMAS-MOorSE AIRCRAFT CORPORATION 


THOMAS BROS. AEROPLANE CO., INC. 
Successors to THOMAS AEROMOTOR COMPANY, INC. Ithaca, N.Y. 


Member Aircraft Manufacturers’ Association 
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THE MARTIN TWO PLACE 
RECONNAISSANCE TRACTOR 


MODEL R 
Convertible Land and Water 


Ordered by 
the United States Army and Navy 


Wright-Martin Aircraft Corporation 






































